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ABSTRACT
 
Leaking underground storage tanks (LUSTs) have been recognized as a major potential 
source of ground water contamination in the U.S. Current state and federat regulations require 
the remediation of sites where the soil and/or ground water has been contaminated by leaking 
underground storage tanks. This document presents information on technologies for the 
remediation of contaminated soils at LUST sites. A companion volume, LUST Remediation 
Technologies: Part III - Ground Water Corrective Action Descriptions, presentsjnformation on 
technologies for the remediation of contaminated ground water at LUST sites. 
Currently, the most common method to remediate soils at LUST sites is excavation and 
disposal in a landfill. This method is effective, may be the most economical method available, 
and is readily accepted by regulatory officials. However, landfilling simply moves the 
contaminated soil to an environmentally safer location. It does not treat the soil to remove or 
destroy the contaminants. Potential future liabilities for the disposed soil, and in some cases 
unfavorable economics, are spurring the use of alternative remediation technologies. The 
alternative technologies described in this document include: 
• soil vapor extraction; 
• bioremediation (including landfarming); 
• thermal treatment and incineration; 
• soil washing; 
• in-situ soil flushing; 
• solvent extraction; 
• chemical dechlorination; and 
• in-situ vitrification. 
Regulatory and permitting requirements for soil remedial actions are also summarized. 
x 
SECTION 1
 
INTRODUCTION
 
The U.S. Environmental Protection Agency has estimated that there are over two 
million underground storage tanks (USTs) in the U.S., of which about twenty-five percent 
may be leaking (USEPA, 1988). The vast majority of these USTs are or were used to store 
petroleum hydrocarbons, including gasoline, diesel fuel, aviation fuels, kerosene, used motor 
oil, and fuel oils. 
The release of petroleum hydrocarbons from a leaking underground storage tank 
(LUST) generally results in contamination of the surrounding soil. Underlying ground water 
becomes contaminated when the released hydrocarbons migrate through the soil to the water 
table. 
Concern over the impact of releases from USTs on ground water resources and public 
and domestic water supplies prompted Congress to initiate protective and corrective measures 
through the passage of Subtitle I of the Hazardous and Solid Waste Amendments of 1984 (PL 
98-616). Under this legislation, the U.S. EPA and the states have developed regulations 
requiring mitigation of the immediate dangers posed by a release. Corrective action is 
required when the release threatens public health and the environment. 
This handbook discusses remediation techniques for contaminated soils at LUST sites. 
Some of these have been used in Illinois, others have been used elsewhere in the country, 
and still others are emerging technologies that have not yet been commercialized. In 
addition, some of the technologies discussed may not be appropriate or economical for 
treating all of the various types of contaminants that might be released from a leaking UST. 
A companion volume, entitled LUST Remediation Technologies: Part III - Ground Water 
Corrective Action Descriptions, describes techniques for treating and/or removing 
contaminants from ground water at LUST sites. 
1.1 Soil Remediation Technologies 
A variety of soil treatment techniques have been developed or are under development. 
These remediation techniques vary in effectiveness and cost. Some are fully proven, 
generally accepted, and widely used. Some are innovative and not yet fully proven, or have 
not yet seen widespread use. Others are still emerging and have yet to be fully developed 
for commercial use. 
Five basic soil remediation technology groups are described in this volume: 
• removal, transport, and landfill disposal; 
• soil vapor extraction; 
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• bioremediation, including in-situ treatment, landfarming, and other variations; 
• thermal treatment and incineration; and 
• other technologies, including 
soil washing, 
in-situ soil flushing, 
solvent extraction, 
dechlorination, and 
in-situ vitrification. 
The Illinois Environmental Protection Agency (IEPA) LUST section considers the 
technologies other than excavation and disposal to a landfill to be "alternative" technologies. 
If reimbursement of remediation costs is sought from the Illinois UST Fund, these 
technologies can be employed only with the prior approval of the IEPA. Before granting 
such approval, the IEPA must be convinced that the alternative technology will be effective 
and will not cost significantly more than conventional landfill disposal. 
Excavation and disposal in a special waste landfill is by far the most widely used 
corrective action for soils contaminated with petroleum fuels in Illinois. A review of IEPA 
files was conducted by the authors in the first half of 1992. This file review revealed that a 
total of roughly 7,500 LUST incidents had been reported. Of these, records were found for 
only 20 remediation projects that proposed a remediation approach other landfilling. This 
amounts to less than one percent of the total reported releases. At that time, no data were 
developed regarding the numbers of completed remediation projects. 
The twenty sites where non-landfill approaches were proposed as of the spring of 
1992 are listed in Table 1. The relative use of these alternative remediation approaches is 
displayed in Figure 1. The most frequently used non-landfill technology is Soil Vapor 
Extraction (SVE). SVE accounts for 45% of alternative remedies implemented. 
Bioremediation, landfarming, and thermal treatment of contaminated soils together account 
for another 45 % of the non-landfill corrective actions. Although a few of the site cleanup 
projects may have been finished, none had achieved closure status. 
Since the time of the initial file review, approximately 2,000 new incidents have been 
reported, bringing the total to approximately 9,500. At the time of this writing, the Illinois 
EPA was developing statistics on the use of alternative technologies, as well as on the 
expenditures that have been made from the UST Fund for cleanup project reimbursements. 
Although no data have been compiled specifically demonstrating that the use of alternative 
technologies is increasing, the authors believe that such is the case. This belief is based on 
their own experience in working with owners/operators of LUST sites and informal 
discussions with IEPA staff members. 
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Table 1. Use of Alternative Technologies 
at Illinois LUST Sites (1) 
lEMA (l) Remediation Estimated Estimated 
Number Facility Name Location Approach Cost Time 
890698 Phillips 66 Burbank Soil vapor N/A (3) > 1 Year 
Cook Co. extraction 
891064 Super America Wheeling Excavation, $88,200 (4) < 1 Year 
# 124 Cook Co. above-ground, 
on-site SVE 
900373 (5) Mobil dl¢tt aHyn Soil vapor N/A 1 Year 
# 05-G6N DuPage Co. extraction 
901403 Jefferson Smurfit Alton Soil vapor $55,000 1 Year 
Corporation Madison Co. extraction 
901404 Del Monte DeKalb Excavation, $498,000 (6) 4 Months 
Plant # 111 DeKalb Co. above-ground 
bioremediation 
901959 Priester Aviation Sugar Grove Soil vapor $34,000 (4) 4-8 Months 
Aurora Airport Kane Co. extraction 
(Av Gas) 
902259 Amoco Skokie In-situ passive N/A > 3 Years 
# 6470 Cook Co. (bioremediation) 
902503 Mobil Palatine Soil vapor (7) 2-5 Years 
#OS-KVK Cook Co. extraction 
903046 Coverall Laundry Chicago Recirculating $331,540 9 Months 
Cook Co. in-situ soil 
flushing 
903229 Peters Heating & Quincy Landfarming $1,830 6 Months 
Air Conditioning A4~tl1S CO. 
910047 Larry Junkin Champaign Excavation, $160,800 N/A 
Estate Champaign Co. thermal treatment 
910060 Illinois Central East Peoria Partial excavation, $166,700 (4) 1 Year 
College Tazewell Co. in-situ bioremedi­
ation 
910197 Quantum Tuscola Excavation, on- N/A 14 Weeks 
Chemical Douglas Co. site landfarming 
Tuscola Plant (diesel) 
(continued on next page) 
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Table 1. Use of Alternative Technologies 
at Illinois LUST Sites (1) 
(continued) 
lEMA ('4) 
Number Facility Name Location 
Remediation 
Approach 
Estimated 
Cost 
Estimated 
Time 
910258 Shell Evanston 
Cook Co. 
Soil vapor 
extraction 
$353,550 18 Months 
910418 Phillips 66 Northbrook 
Cook Co. 
Soil vapor 
extraction 
$260,000 ­
$380,000 
1 Year (8) 
910938 Mr. ]'s Amoco Champaign 
Champaign Co. 
Excavation, 
thermal treatment 
$647,650 2 Months 
911147 Granite City 
Firehouse 
Granite City 
Madison Co. 
In-situ 
bioremediation 
$108,500 6 Months 
912071 Farm Supply 
Service 
Springfield 
Sa*1gartlon Co. 
Landfarming 
(diesel) 
N/A < 2 Years 
912732 Norris Schlueter Thomasboro 
Champaign Co. 
Excavation, 
thermal treatment 
$686,000 34 Days 
913168 Xerox Des Plaines 
Cook Co. 
Soil vapor 
extraction 
$119,500 10 Weeks 
Notes: (1) All data obtained from a review of IEPA files on LUST sites, obtained under a 
Freedom ofInformation Act (FOIA) request. 
(2) Illinois Emergency Management Agency. 
(3) N/A = Data not available. The data may not have been contained in the 
IEPAfile reviewed, or may not have been recoveredfrom reviewedportion 
of the IEPA file. 
(4) Cost approximate, based on assumed time for completion of corrective 
action. Cost includes pro-rated Soil portion of a combined Soil and 
Ground Water Corrective Action Plan and/or Corrective Action Report. 
(5) SVE was approved by the IEPA Alternative Technology Assessment Group 
(ATAG),' excavation atullandfill disposal may be implemented at owners 
expense in order to achieve it more rapid cleanup. 
(6) Cost includes site investigation. 
(7) Cost for combined soil and ground water corrective 
$430,000 over 5 years. 
action is about 
(8) Cost approximate, based on assumed time for completion of corrective 
action. 
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Figure 1. Use of Technologies Other Than Landfill Disposal 
at Twenty Illinois LUST Corrective Action Sites 
Some alternative technologies require that the contaminated soil be excavated before 
treatment. Other technologies are employed in-situ (Le., the soils are not excavated, but are 
treated in-place). Site constraints may place practical limits on the application of alternative 
technologies requiring excavation. The soils must be accessible for excavation. A shallow 
water table, buildings, overhead power lines, or underground utilities may limit the ability to 
excavate all of the soil requiring remediation. In these cases, an in-situ technology may be 
the only choice. 
Soil vapor extraction (SVE) is an in-situ process that removes volatile contaminants 
by drawing air through the contaminated soil. The removed hydrocarbon vapors are treated 
and/or released to the atmosphere. Trapping or treatment of the extracted hydrocarbon 
vapors is not needed if regulatory limits on emissions are met. 
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In bioremediation, the hydrocarbon contaminants in the soil are degraded by 
microorganisms. Biodegradation can be carried out in different ways. The use of 
bioreactors, composting, and landfarming are above-ground treatment approaches that require 
excavation of the soil prior to treatment. Bioremediation can also be carried out in-situ by 
applying or injecting nutrients, moisture, oxygen, and microorganisms to the in-place soil. 
Thermal treatment and incineration are above-ground technologies for treating 
contaminated soils. The soils must be excavated before treatment. In thermal treatment, the 
volatile organic compounds (VOCs) are thermally desorbed from the soil particles. This is a 
relatively low-temperature process. In incineration, the VOCs are actually destroyed by 
combustion. Either technique can be conducted on site or at a remote location. 
The last group (other technologies) includes technologies that are, in general, more 
costly to implement and have seen little or no use at LUST sites involving petroleum 
hydrocarbon releases, whether in Illinois or in other parts of the country. Their use has 
largely been confined to larger sites, such as Superfund sites, where more hazardous 
substances have been remediated. However, these technologies are briefly discussed in this 
document because hazardous substances other than petroleum hydrocarbons have often been 
stored in underground tanks (sometimes illegally) and have been released to the environment 
due to failure of tank system components. Moreover, with the exception of excavation and 
landfill disposal, these technologies are the only technologies that can successfully remediate 
sites contaminated with lead from leaded fuels. 
Each of the technology groups listed above can be applied in a wide variety of 
configurations. Unfortunately, few rigorous guidelines exist for the optimal design, 
installation, and operation of soil remediation systems. Design of alternative soil remediation 
systems has been largely empirical. Designing a specific remediation system, and even 
determining whether or not a particular technology can be applied, is highly dependent on the 
characteristics of the contaminants present, the specific features of the site, and the nature of 
the soils to be remediated. Some of the important characteristics of the sites, the soils to be 
remediated, and the contaminants, are discussed in the following subsections. Ensuring that 
a remedial action will achieve its objectives in a cost-effective and timely manner depends on 
adequately determining these characteristics. Pilot testing and/or treatability studies are 
generally needed to establish design parameters. 
1.2 Site Characteristics 
In order to design an efficient, cost effective soil remediation system, data on the 
environmental of the site must be acquired. The site characterization activities must define 
the contaminants of concern, the horizontal and vertical extent of contamination, the depth to 
ground water, and the thickness of the unsaturated zone. The physical and chemical 
characteristics of the soil environment (Le., the permeability, the moisture content, the 
organic matter content, and the soil structure) must also be determined. 
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Identifying and quantifying the contaminants of concern lead to the definition of 
cleanup goals, which fundamentally control the subsequent remedial design. Defining the 
contaminants of concern takes place during site characterization by sampling and analyzing 
the soil at the release site. It is not always sufficient to rely on knowledge of the substance 
known or presumed to have been released. The time since the release and the properties of 
the site, as well as the properties of the substance released, will influence the observed soil 
concentrations and determine what cleanup objective(s) will apply. 
For example, if a major release of gasoline occurred several years prior to 
remediation, much of the lighter benzene and toluene may have dissipated or degraded. Of 
the BETX constituents, the residual contamination would be dominated by xylenes. In this 
case, the cleanup objective to be met would likely be the Total BETX objectiv~. SVE could 
be much less effective at remediating this site than it would be in remediating a similar site 
where a recent gasoline release had taken place. It may be more appropriate to orient the 
design in such a case to achieve remediation through bioremediation than through SVE. 
The vertical distribution of contaminants in the soil and the position of the water table 
are key factors affecting design. Often, contaminant concentrations are highest in the soil 
just above the water table. Liquid phase contaminants may be floating on the ground water. 
Seasonal variations in the water table must also be identified. Fluctuating water levels can 
produce zones of highly variable contaminant concentrations. Fluctuating water levels can 
also result in inundation of vapor extraction wells during periods of high water. 
The characteristics of the site and the soil environment control the effectiveness of a 
remediation system for a particular site. The physical and chemical characteristics of the soil 
environment that are most important in the design of remediation systems are: 
1) Soil Permeability: the permeability of the soil is the single most important 
variable controlling feasibility and design of most in-situ remediation systems. Permeability 
is a measure of the ability of fluids (either air, in the case of SVE, or water, in the case ot 
in-situ bioremediation or soil flushing) to flow through the soil, analogous to hydraulic 
conductivity in the saturated zone. Permeability can vary vertically and horizontally. 
2) The Soil Moisture Content: the moisture content affects the performance of 
several techniques, including SVE, bioremediation, and thermal treatment, in several ways. 
Soil moisture occupies soil pore space, thereby reducing the gas volume in the soil, reducing 
the air permeability, and interfering with volatilization. In addition, some soil moisture is 
volatilized in SVE and thermal treatment systems, which increases energy consumption and 
may result in a need to condense and treat the moisture from off-gas streams. On the other 
hand, microorganisms require water for metabolism, thus, insufficient soil moisture may 
reduce the effectiveness of bioremediation. 
3) Soil Temperature: several of the chemical characteristics of contaminants (e.g., 
the vapor pressure and the Henry's Law constant, discussed below) are temperature 
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dependent. In general, warmer soil temperatures enhance the desorption, volatilization, and 
flow of contaminants through the subsurface to extraction wells. Thermal desorption and 
volatilization may be enhanced by introducing heated air in combination with vacuum 
extraction. The soil temperature is seldom a decisive factor in determining whether or not to 
employ a particular treatment technology. However, if a SVE system is to be operated in 
the winter, provision for heating the system and possibly heating injection air to warm the 
subsurface may be incorporated in the design. 
4) The Soil Organic Matter and Clay Content influences the capacity of the soil to 
adsorb organic contaminants. Soils with a high content of clay andlor organic matter have 
relatively high adsorption capacities. Therefore, they are less likely to be completely 
remediated by vapor extraction techniques. Desorption of strongly adsorbed VOCs in 
organic or clay rich soils may not be possible without excavation and thermal treatment or 
incineration. Biological treatment may be effective, however. High organic matter and clay 
content also decrease permeability. Clean sands and gravels adsorb contaminants much less 
strongly than organic-rich soils. They also transmit air far more easily. These factors 
improve the potential for successful remediation using in-situ techniques in sand and gravel 
seams in glacial deposits. 
5) The Soil Structure affects the way in which liquid product and vapor phase 
contaminants from a LUST release migrate through the soil. The presence of zones of 
higher gas permeability, and of preferred flow paths such as utility trenches, improperly 
sealed wells, and desiccation cracks, influence the design and performance of the SVE 
system. Preferred flow paths to the surface may cause II short circuiting" of the gas flow, 
limiting the radius of influence of extraction wells. 
1.3 Contaminant Characteristics 
The behavior of petroleum hydrocarbons released into the subsurface from a LUST is 
partially governed by the characteristics of the specific chemical(s) released. These 
characteristics also influence the degree of success that cleanup technologies can achieve in 
remediating a particular site. Before selecting and designing a remediation system, the 
contaminants of concern and their chemical characteristics must be determined. 
The chemicals of primary concern at LUST sites which have experienced a release of 
gasoline are benzene, ethylbenzene, toluene, xylene (total), and total BETX. Total BETX is 
the sum of the benzene, ethylbenzene, toluene and total xylene concentrations. 
Other chemical constituents are present in gasoline besides the BETX constituents. In 
addition, when gasoline is released to the environment, it undergoes changes in composition. 
Some constituents volatilize, others are naturally biodegraded, while others are chemically 
altered. This change in composition is often referred to as "weathering". Typically, as it 
weathers, gasoline becomes relatively depleted in the lower molecular weight constituents 
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such as isopentane and benzene, and relatively enriched in the higher molecular weight 
constituents such as ethylbenzene and m-xylene. Table 2 lists the chemical compositions of 
typical fresh and weathered gasolines. 
The four BETX constituents are volatile and have chemical properties enabling them 
to be successfully recovered by vapor extraction, bioremediation, thermal treatment, and 
other technologies, although not with equal ease. For example, benzene has a relatively high 
vapor pressure. It is relatively easy to recover using SVE. The xylenes, however, have 
much lower vapor pressures and moderately high soil sorption coefficients. Complete 
remediation using SVE is more difficult for xylenes than for benzene. 
The Illinois generic cleanup objective for soil is much tighter for benzene than for 
xylenes (which are included in the objective for Total BETX). Thus, cleanup objectives can 
often be met at gasoline sites by meeting the stricter benzene standard. Section 7 presents 
information on the IEPA cleanup objectives for different contaminants released from LUSTs. 
In cases where middle or heavy end petroleum products (e.g., diesel fuel, kerosene, 
fuel oil, lubricating oil) or other organic substances (e.g., solvents, pesticides, transformer 
oil, waste oil) are released, the constituents of concern may not be easily remediated with 
SVE. At these sites, remediation may be driven by the cleanup objectives for high molecular 
weight compounds such as naphthalene or other poly-nuclear aromatic hydrocarbons (PNAs). 
These compounds are less likely to be successfully remediated using SVE. Bioremediation 
or thermal treatment may be more effective. 
Some of the physical and chemical properties important to successful remediation are 
listed in Table 3 for several chemicals typically found in petroleum products. The physical 
and chemical characteristics that most influence the behavior of organic contaminants in the 
subsurface are the chemical's vapor pressure, water solubility, Henry's Law constant, and 
soil sorption coefficient. These are discussed in the following paragraphs. 
1) Vapor Pressure is a measure of the compound's tendency to evaporate. Vapor 
pressure increases dramatically with temperature. Injection of warm air (eg., off-gas 
treatment system exhaust) may enhance the volatilization of contaminants in the subsurface. 
Chemicals with vapor pressures greater than 0.5 millimeters of mercury (mm Hg) can be 
expected to volatilize readily and therefore be amenable to treatment by SVE. Many of the 
constituents of gasoline, including benzene, ethylbenzene, toluene, and xylenes, have vapor 
pressures well above 0.5 mm Hg. Thus, SVE can be highly effective at remediating the 
gasoline constituents of primary regulatory concern. 
2) Water Solubility controls the degree to which the compound dissolves in ground 
water and, perhaps more importantly, in pore water in the vadose zone (Le., the unsaturated 
zone). 
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Table 2. Composition of Fresh and Weathered Gasoline 
Compound Name 
MoIecuIar 
WeIght (g) 
Fresh 
Gasoline (%) 
Weathered 
Gasoline (%) Compound Name 
Molecular 
WeJght(g) 
Fresh 
Gasoline (%) 
Weathered 
Gasoline (%) 
~ 
0 
propane 
lSObutane 
n-butane 
tran11-2-butene 
clS-2-butene 
3-methyl-l-butene 
lSopentllne 
l-pentene 
2-methyl-l-butene 
2-methyl-l.3-butadiene 
n-pentane 
trans-2-pentene 
2-methyl-2-butene 
3-methyl-l,2-butadiene 
3,3-dimethyl-1-butene 
cyclopentane 
3-methyl-l-pentene 
2.3-dimethylbUtllne 
2-methylpentane 
3-methylpentane 
n-hexane 
methylcyclopentane 
2,2-dimethylpentane 
benzene 
cyclohexane 
2,3-dimethylpentllne 
3·methylhexane 
3-ethylpentllne 
n-heptllne 
2,2,4-tomethylpentane 
methylcyclohexane 
2,2-dimethylhexane 
44.1 
58.1 
58.1 
56.1 
56.1 
70.1 
72.2 
70.1 
70.1 
68.1 
72.2 
70.1 
70.1 
68.1 
84.2 
70.1­
84.2 
86.2 
86.2 
86.2 
86.2 
84.2 
100.2 
78.1 
84.2 
100.2 
100.2 
100.2 
100.2 
114.2 
98.2 
114.2 
0.01 
1.22 
6.29 
0.07 
0.00 
0.06 
10.49 
0.00 
0.00 
0.00 
5.86 
0.00 
0.44 
0.00 
0.49 
0.00 
0.00 
7.30 
2.73 
0.00 
2.83 
0.83 
0.76 
0.76 
0.00 
3.90 
0.00 
0.00 
0.63 
1.21 
0.00 
0.55 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.69 
0.05 
0.08 
0.00 
0.95 
0.17 
0.21 
0.10 
0.00 
0.46 
0.00 
0.44 
2.07 
1.86 
2.07 
2.34 
0.64 
0.21 
1.37 
0.00 
3.55 
0.00 
4.47 
5.03 
3.93 
2.07 
toluene 
2,3.4-tnmethylpentane 
3-methyllieptane 
2-methyllieptane 
n-octane 
2,4.4·tnmethylliexane 
2,2-dimethyllieptane 
ethylbenzene 
p-xylene 
m-xylene 
3,3.4-trunethylhexane 
o-xylene 
2,2.4-tnmethyllieptane 
n-nonane 
3,3,5-tnmethylheptane 
n-propylbenzene 
2,3,4-tnmethyllieptane 
1,3,5-tnmethylbenzene 
1.2,4-tnmethylbenzene 
n-decane 
methylpropylbenzene 
dimethylethylbenzene 
n·undccane 
1,2,4,S-tetramethylbenzene 
1,2,3,4-tetramethylbenzene 
1,2,4-tnmethyl-S-ethylbenzene 
n-dodccane 
naphthalene 
n-hexylbenzene 
methylnaphthalene 
TOTAL 
92.1 
114.2 
114.2 
114.2 
114.2 
128.3 
128.3 
106.2 
106.2 
106.2 
128.3 
106.2 
142.3 
128.3 
142.3 
120.2 
142.3 
120.2 
120.2 
142.3 
134.2 
134.2 
156.3 
134.2 
134.2 
148.2 
170.3 
128.2 
162.3 
142.2 
5.50 
1.21 
0.00 
1.55 
0.13 
0.87 
0.00 
0.00 
9.57 
0.00 
2.81 
0.00 
1.05 
0.00 
0.00 
8.41 
0.00 
4.11 
2.13 
0.00 
3.51 
3.07 
0.00 
1.33 
1.29 
4.05 
2.30 
0.45 
0.00 
0.23 
100 % 
3.59 
0.00 
3.43 
3.24 
3.00 
0.34 
2.26 
1.30 
1.51 
3.76 
0.56 
2.74 
0.12 
3.82 
0.00 
1.17 
0.00 
4.93 
7.05 
1.40 
1.70 
2.89 
0.75 
0.56 
7.04 
6.51 
0.00 
0.76 
1.47 
~ 
100 % 
Source: Pedersen and Curtis, 1991, Table 2. 
Table 3. Chemical Properties of Hydrocarbon Constituents 
Soil 
Pure Sorption 
Liquid Henry's Water Vapor Vapor Constant 
Density Law Solubility Pressure Density (K.,J 
Chemical Representative (g/cm') Constant (mgl!) (mmHg) (g/m3) (Ukg) 
Class Chemical @20oC (dim.) <Cp 25°C @20°C @20°C @25°C 
n-Alkanes 
C4 n-Butane 0579 2522 61 1 1560 4960 250 
C5 n-Pentane 0626 29.77 412 424 1670 320 
C6 n-Hexane 0.659 3661 125 121 570 600 
C7 n-Heptane 0684 44.60 268 356 195 1300 
C8 n-Octane 0.703 52.00 066 105 656 2600 
C9 n-Nonane 0718 N/A 0.122 32 224 5800 
CIa n-Decane 0730 N/A 0.022 095 74 13000 
Mono-aromatics 
C6 Benzene 0.885 011 1780 752 321 38 
C7 Toluene 0867 0.13 515 218 110 90 
C8 m-Xylene 0864 0.12 162 616 358 220 
C8 Ethylbenzene 0867 014 167 708 41 1 210 
C9 1,3,5·Trimethylbenzene 0865 009 726 1.73 114 390 
CI0 1.~Diethylbenzene 0862 019 15 0697 5.12 1100 
Phenols 
Phenol Phenol 1058 0038 82000 0529 272 110 
Cl-phenols m.cresol 1027 0044 23500 015 089 84 
C2-phenols 2,4-Dimethylphenol 0965 0048 1600 0.058 039 N/A 
C3-phenols 2,4,6-TrimethylphenoI N/A N/A N/A 0012 009 N/A 
C4-phenols m-Ethylphenol 0037 N/A N/A 008 053 NIA 
Indanol IndanoI N/A N/A N/A 0014 01 N/A 
Di-aromatics Naphthalene 1025 N/A 30 0053 037 690 
Source: EPA, 1991a, Table 1 
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3) Henry's Law constant is a dimensionless coefficient describing the tendency of a 
compound to volatilize from the dissolved state. It is analogous to the vapor pressure, which 
describes the tendency of the compound to volatilize from the pure liquid state. Like the 
vapor pressure, Henry's Law constant is highly temperature dependent. Some remediation of 
ground water containing compounds with high Henry's Law constants (greater than 0.01) 
may be possible by SVE. 
4) Soil Somtion Coefficient, Kc., describes the tendency of the compound to adsorb 
on soil or organic matter particles. Larger, more carbon rich molecules have much higher 
sorption coefficients than smaller, lower molecular weight compounds. This helps account 
for the relative immobility of heavy fuels in soils. 
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SECTION 2
 
REMOVAL, TRANSPORT, AND LANDFILL DISPOSAL
 
The most common technique used in Illinois for remediating contaminated soils at 
LUST sites is excavation, followed by transportation to a landfill for disposal. The 
technology is widely accepted for its relatively short remediation time, effectiveness, 
abundance of easily attainable excavation equipment, and application to a wide variety of 
contaminants. Landfill disposal may be the only cost-effective option for disposal of soils 
contaminated with lead from sites where leaded gasoline was historically dispensed. 
2.1 Description of Technology 
Excavation technology is straightforward. Back or track hoes are used to excavate the 
contaminated soil. The soil may be stockpiled on site prior to shipment, or may be loaded 
directly into trucks for transport to the disposal site. Soils contaminated with petroleum 
products from a LUST are usually classified Special Wastes. They may also be hazardous 
wastes (for example, if their flash point is below 140oP., or they contain hazardous 
substances other than petroleum products). Their shipment and disposal must be in 
compliance with IEPA regulations. 
The soils must be properly manifested and transported to the landfill by a licensed 
special waste hauler. The contaminated soil is disposed in a commercial landfill permitted to 
accept special wastes. 
Excavation and landfIll disposal is a very effective method for remediating many sites 
contaminated by petroleum products from LUSTs. Cleaning a site can be accomplished very 
quickly, if site conditions enable complete excavation of all contaminated soil. In addition, 
fewer permits and approvals are required by the state than for alternative remediation 
approaches. 
However, there are potential disadvantages to soil removal and landfill disposal as a 
remediation technique. If buildings and!or underground utilities are present, it may not be 
possible to completely excavate all contaminated soil from a site. In addition, the owner of 
the site continues to be liable for the contaminated soil after it has been disposed in a 
landfill. Thus, the generator may be required to pay for a portion of the cleanup cost if it 
becomes necessary to remediate the landftll in the future. 
Landfill space is becoming scarce in some parts of the country. Permitting of new 
landfills is becoming more difficult, especially in the face of organized citizen opposition -­
the "Not In My Back Yard" (NIMBY) syndrome. As available landfIll space is used, the 
costs of landfill disposal increase. Disposal into a landfill transfers the contaminants from an 
uncontrolled site to a managed location where water flow, air emissions, and public access 
are better controlled. Although some biodegradation of the contaminants can occur in a 
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landfill, contaminants may still be present many decades after disposal. With all of these 
factors taken into consideration, regulatory agencies are increasingly encouraging 
consideration of alternate remediation technologies. 
2.2 Design Parameters 
A number of factors impact the evaluation and planning of a soil removal and disposal 
project, including: 
• soil properties; 
• extent of contamination;
 
• depth to ground water;
 
• volume of soil; 
• site buildings or other structures; 
• subsurface utilities; 
• management of water; 
• landfill disposal parameters; and 
• transport distances. 
These factors influence the time, completeness, and cost of soil remediation. 
Soil properties affect the excavation process by controlling slope stability and ease of 
excavation. Moisture content has a major influence on bulk density and therefore on the ease 
of handling and transport. 
The vertical and horizontal extent of contamination determine the fundamental design 
parameter for soil excavation: the volume to be disposed. The volume to be disposed is 
always larger than the volume of the excavation because the soil fluffs up when excavated. 
Volume is the primary factor determining the cost of the project. 
It is desirable to excavate all of the soil requiring remediation, thereby achieving 
regulatory compliance. Sites can be put back in service or sold when they have been 
certified clean after all contaminated material has been removed. At the same time, only soil 
that must be remediated should be removed, thereby minimizing the cost and disruption of 
the site (in terms of both time and land disturbance). Ensuring this requires that the site be 
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adequately characterized prior to beginning the excavation, and that the job be properly 
monitored during the excavation. Portable organic vapor monitoring instruments are used to 
screen soils during excavation. This helps in making sure that all contaminated soils are 
removed and in preventing clean soils from being needlessly excavated. However, the only 
reliable way to determine whether contaminants remain in the soil is through post-excavation 
confirmatory sampling and laboratory analysis. 
Pre-excavation sampling can be conducted using a drill rig to drill exploratory 
boreholes, or a backhoe to dig test pits. Samples obtained from boreholes or testpits can be 
analyzed to provide the chemical characterization required for landfill disposal. This enables 
immediate shipment of the contaminated soils without stockpiling. 
Pre-excavation sampling from boreholes or test pits may also be used to estimate the 
extent of the contamination. This information is useful in estimating the volume of soil that 
will need to be excavated, and the costs of the project. However, for sites contaminated with 
gasoline or other volatile petroleum hydrocarbons, borehole sampling is generally less precise 
in delineating the contaminated zone than screening the soil with organic vapor monitoring 
instruments as it comes from the excavation, visual observation of the subsurface conditions, 
and confirmation sampling and laboratory analysis. Relying solely on borehole samples to 
define the extent of the soils to be excavated increases the possibility that II clean II soil will be 
disposed along with soil requiring remediation, and also increases the risk that some "dirty" 
soil will be missed. Therefore, monitoring of the excavation with field instruments is 
generally conducted and confirmatory sampling of the excavation is required by the IEPA to 
demonstrate that soil cleanup objectives have been met. 
The excavated soil may be temporarily stockpiled on site prior to shipment. This 
enables the soil to be chemically tested. Soils that are believed to be clean, based on field 
screening and observation, should be segregated from the contaminated soils. Soils that are 
demonstrated by chemical testing to be clean can then be used as backfill. Chemical 
characterization is required before a landfill will accept the soil for disposal. While soils are 
stockpiled on-site, they must be managed to prevent runoff of contaminated water and to 
prevent any hazard to the public. 
Soil piles occupy considerable space. This can seriously interfere with operations at 
an active site. The soil piles must be managed to prevent the spread of contamination, 
particularly via storm runoff. Stockpiling may be impractical if space or other soil pile 
management resources are limited. 
If water is encountered in the excavation it must be properly managed. Efforts should 
be undertaken to prevent surface water from entering the excavation in the first place. 
Ground water and surface water removed from the excavation must be contained, 
characterized, and disposed of properly. 
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In some cases, excavation of the entire volume of contaminated soil is not feasible. 
Buildings may directly overlie contaminated soil, thus preventing excavation without first 
demolishing the structure. The foundations of adjacent structures could be undermined. 
Buried utilities and subsurface water can also limit excavation of contaminated soils. In 
these cases, in-situ techniques may be the only way that the soil can be remediated. 
2.3	 Costs 
The cost of excavation, transportation, and landfill disposal can be highly variable. 
Published reports (Testa and Winegardner, 1991; U.S. EPA, 1988) indicate that the cost can 
range from as little as $30/yd3 (about $22/ton) to over $300/yd3 (about $225/ton), depending 
on the specific costs of each of the following components: 
•	 site preparation, excavation, staging, and backfilling costs, which are 
influenced by site characteristics; 
•	 transport distance and fees; and 
•	 landfill charges. 
Testa and Winegardner (1991) report an estimated cost of about $60/yd3 (about 
$45/ton) as typical, in 1990 dollars. The costs of landfill disposal can be broken down into 
the following major elements (U.S. EPA, 1988): 
•	 Site Preparation: generally none or minimal if the site is small 
and does not need to be cleared; can exceed $2,000 per acre if 
grubbing and stump removal is necessary. 
•	 Excavation: varies with the size of equipment used; smaller
 
backhoes and front end loaders with capacities of 0.5 to 0.75
 
yd3 excavate soil at a cost of about $3.55 to $5.00/yd3; larger
 
backhoes with capacities of 1 to 3.5 yd3 excavate soil at a cost
 
of about $1.75 to $3.00/yd3•
 
•	 Material handling/staging: costs range from $1.20 to $4.50/yd3 
depending on unit costs of dozers and loaders used for staging 
and stockpiling. These costs can be minimized or avoided if 
adequate pre-characterization or field screening is conducted 
during excavation to enable direct loading of trucks with the 
excavating equipment. 
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•	 Backfill: clean material to backfill the excavation will cost from
 
$10 to $20/yd3 depending on how far it must be hauled to the
 
site.
 
•	 Grading: site restoration will add about another $2.00 to
 
$4.00/yd3 to the cost of backfill, not including the cost of
 
repaving the site, if necessary.
 
•	 Transport: costs for hauling the contaminated soil to the
 
disposal site are largely a function of the transport distance.
 
Charges commonly range from $0.50/yd3/mi to $1.00/yd3/mi.
 
•	 Disposal: the cost for disposal of contaminated soil at the 
landfill depends on the type of contamination present. For 
petroleum-contaminated soils, tipping fees at sanitary landfills 
may be as low as $5.OO/yd3 for relatively clean soil. Landfill 
fees of about $20.00/yd3 are typical in Illinois. Disposal of soils 
heavily contaminated with sufficient residual petroleum to be 
ignitable (i.e., with flash points below 140oP.) can cost about 
$120/ton at a hazardous waste facility. Disposal fees for soils 
contaminated with non-petroleum hazardous/toxic wastes can 
exceed $250/ton at hazardous waste facilities. 
These cost estimates are based on a range of unit prices from around the United States. 
Prices vary widely from state to state, and from region to region within Illinois. 
In Illinois, landfdl disposal is the only method currently accepted for remediation of 
soils contaminated with lead from leaded fuels. Landfill disposal is generally accepted by the 
IEPA at sites where reimbursement from the Illinois UST Fund will be claimed. UST Fund 
reimbursements will not be made for the costs of alternative technologies that exceed the 
costs of conventional excavation and landfill disposal by more than 20%. 
The actual cost that will be incurred for excavation and landfill disposal is highly 
dependent on the contaminants present in the soil, the volume of soil contaminated, the 
characteristics of the site, the state's regulatory requirements (that is, the particular cleanup 
goals that need to be met), and the availability of approved local landfills. IEPA cleanup 
objectives may vary from site to site depending on the contaminants present and the potential 
threat to human health and the environment. Cleanup objectives are discussed further in 
Section 7 of this report. 
If the soil is classified as hazardous (due to its ignitability, for example), landfill 
disposal can prove to be very expensive. High costs can also result if the haul distance from 
the site to the landfill is great. In these cases, an alternative on-site remediation approach 
may be attractive. 
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SECTION 3
 
SOIL VAPOR EXTRACTION
 
Soil Vapor Extraction (SVE) has gained acceptance in many states for the remediation 
of soils contaminated with volatile organic compounds (VOCs) and motor fuels. As 
discussed in Section 1 and shown in Figure 1, SVE is the most common alternative method 
of soil remediation employed in Illinois, after the conventional method of excavation and 
disposal in a landfill. The technology has gained favor among regulators, .owners/operators, 
and remediation consultants and contractors for several reasons (pedersen and Curtis, 1991): 
•	 the technique is generally employed in-situ, thereby minimizing disturbance of 
the site, disruption of site operations, and exposure to potential future 
liabilities associated with landfill disposal; 
•	 large volumes of soil can be treated at reasonable cost; 
•	 SVE systems are relatively easy to install, operate, and maintain; 
•	 SVE systems can be operated in combination with other technologies for soil, 
liquid phase hydrocarbon (LPH), and ground water remediation to achieve a 
comprehensive program of site restoration; 
•	 various off-gas treatment systems can be employed, enabling flexible designs 
to achieve air discharge requirements; and 
•	 treatment of VOCs in vadose zone soils reduces the risk of contaminant 
migration off-site and!or to ground water. 
3.1	 Description of Technology 
Soil vapor extraction is usually employed in-situ to physically remove VOCs from a 
volume of soil. Vacuum blowers connected to a series of extraction wells or laterals produce 
air flow through the unsaturated soil zone. Injection ports may also be provided to facilitate 
entry of clean air into the subsurface. The clean air may be forcibly injected or passively 
drawn into the subsurface by the vacuum created at the extraction points. 
The contaminants in the unsaturated zone (also referred to as the vadose zone) are 
present in liquid, adsorbed, and vapor states. In addition, although the vadose zone is 
unsaturated, there is typically substantial moisture present in the soil pore spaces. Some of 
the contaminants can be dissolved in this soil moisture. 
As air moves through the soil, vapor phase contaminants and water vapor are 
entrained in the air flow and removed through the extraction wells. The water vapor is 
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removed in a demister; extracted organic vapors are vented to the atmosphere or removed in 
an off-gas treatment system. 
As the vapor phase contaminants are drawn from the subsurface, additional liquid, 
adsorbed, and dissolved phase hydrocarbons volatilize and are drawn off as well. However, 
not all contaminants are removed with equal ease. As discussed in Section 1, different 
chemicals have different vapor pressures, soil sorption coefficients, and Henry's Law 
Constants. They therefore adsorb to soil particles to different degrees. Many constituents of 
gasoline are relatively easy to remove using SVE, while the constituents of heavier fuels 
(e.g., naphthalene, other PNAs) tend to be more difficult to remove. In addition, the mix of 
contaminants remaining in the soil changes with age, due to the natural "weathering" of the 
released fuel. Many of the volatile components of a very old release may hav~ volatilized or 
biodegraded naturally, leaving the components that are more difficult to remove. 
Above-ground applications of SVE have also been employed. In these cases, piles or 
beds of excavated soil are constructed. Horizontal piping is placed within the pile as it is 
built to provide the path for air flow from the soil pile. Air is drawn through the pile with 
vacuum exhausters as in the in-situ case. 
The authors are aware of several sites (outside of Illinois) where SVE has been 
proposed to remediate thin films of liquid petroleum hydrocarbons (LPH) floating on the 
water table ("free product"). Stimulating air flow and removing hydrocarbon vapors from 
the vadose zone over the LPH layer is expected to enhance volatilization of the liquid 
hydrocarbons, enabling their recovery. However, it is not yet known whether this 
application has been completely successful. 
Some remediation of dissolved phase hydrocarbons in ground water may also be 
achievable simply by lowering the partial pressure of hydrocarbon vapor over the solution. 
This allows dissolved hydrocarbons to evaporate from the dissolved state into the soil vapor~ 
Ground water remediation systems employing aquifer air sparging are typically coupled with 
vapor extraction systems for the control of air and vapor flow. These applications are 
discussed further in the companion volume to this report, LUST Remediation Technologies: 
Part III - Ground Water Corrective Actions. 
A SVE system consists of three basic parts: an extraction system, through which 
vacuum is applied to the subsurface and vapor phase contaminants are removed; an air flow 
system, consisting of pumps or blowers to produce the vacuum, piping to convey the 
extracted vapors, and control and monitoring systems; and an off-gas treatment system, for 
the removal of entrained moisture and water vapor, and treatment of the extracted 
contaminants. These systems are briefly described in the following subsections. A 
generalized schematic of a SVE system is shown in Figure 2. 
20
 
Vapor 
Phase 
Volatile 
Ca1taminants 
... 
Vaporl 
Liquid 
Separation 
.. VaCUUTl 
Blower 
Off-Gas 
Treatment 
I 
Treated Air 
... 
, 
Emissions 
... 
Treatment Resid.Jala 
Air V~ or 
Injection Well 
Extraction 
/well Air Vent or 
Injection Well 
Monitoring 
Well 
... 
Liquid 
Treatment 
Treated 
... 
Water 
~ ~ : Contaminated 
Air Air Vadose 
.: 
'. ZoneFlow 
-
Flow 
-
'3 : }: : ­
-- ---------------------------------------------~--------------~---------Water Table 
Figure 2. Schematic of the Soil Vapor Extraction Process 
3.1.1 Extraction System 
There are two basic options for the configuration of SVE systems: vertical wells and 
horizontal collectors. Extraction well design and construction is similar to that of ground 
water monitoring wells. Depending on the design and remediation objectives, the wells may 
intercept the water table to accommodate fluctuating water and/or free product levels, or may 
be completed above the water table. Where the depth of soil to be remediated is shallow (for 
example, due to a shallow water table or a shallow depth of penetration of contaminants from 
a surface spill), horizontal collector wells (laterals) may be appropriate. Figures 3 and 4 
illustrate typical designs for extraction wells and extraction laterals, respectively. 
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Figure 3. Schematics of Typical SVE Extraction Wells 
Horizontal vent piping may also be installed in an above-ground soil pile for on-site 
remediation. This approach is particularly appropriate for soils excavated during a tank 
removal. Soil piles may require impermeable covers to prevent uncontrolled emissions of 
VOCs and to prevent rainfall from creating a runoff problem. 
During replacement of tanks at operating retail gasoline stations, vent wells or laterals 
are sometimes placed in the new tank field backfill, either in anticipation of possible future 
overfills or tank system leaks, or as part of a program to remediate contaminated soils 
surrounding the tank excavation. Gravel backfill may be used to promote air flow through 
the tank field. The entire tank field then serves as a collector for vapor phase contaminants 
in the surrounding soils. Monitoring of vapor concentrations in the tank field can also serve 
as a component of the tank system leak detection system. 
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Figure 4. Schematic of a Typical SVE Extraction Lateral 
3.1.2 Air Flow System 
Air flow in the subsurface is controlled by the configuration of the extraction system 
(i.e., the placement of the extraction wells and any air inlet vents, injection wells, or surface 
seals), and the natural soil conditions, including the soil type (sand, clay, etc.), the soil 
moisture content, and the distribution of air permeability in the soil. The surface 
components of a SVE system consist essentially of vacuum pumps or blowers (vacuum 
exhausters), piping, control systems, pressure and air quality monitoring systems, and off-gas 
treatment systems. Off-gas treatment systems are discussed in the following subsection. 
Design considerations relating to these factors are discussed in Section 3.2. 
23
 
3.1.3	 Off-Gas Treatment Systems 
Direct discharge of extracted soil vapors to the atmosphere without treatment for the 
removal of VOCs may be acceptable if concentrations of contaminants are within regulatory 
limits. Otherwise, an off-gas treatment system must be employed to remove the VOCs prior 
to discharge to the atmosphere. 
In Illinois, emissions are allowed at rates up to eight pounds of total vots per hour. 
Ozone non-attainment areas exist in the Chicago and 81. Louis metropolitan areas. In these 
areas, voe emissions are more limited (see Section 7). The local air quality compliance 
status must be verified for each site to determine allowable emissions before a SVE system is 
designed. 
In some cases, the need to control emission rates may arise from a potential 
fire/explosion hazard, or aesthetic considerations (odors). In such cases, it is necessary to 
treat the off-gas to remove VOCs prior to discharge. 
Several vapor treatment technologies are available, including: 
•	 granular activated carbon (GAC) adsorption; 
•	 thermal oxidation (incinerator and packed-bed thermal
 
processor);
 
•	 catalytic oxidation; 
•	 internal combustion engine; 
•	 biodegradation; and 
•	 direct discharge with operational controls to limit emission rates. 
The soil gas removed by the SVE system contains water vapor in addition to the 
vapor phase hydrocarbons. This water vapor can increase wear on blowers and other 
equipment, can cause problems with rust, decreases the adsorption efficiency of GAC off-gas 
treatment systems, and increases the energy consumption of thermal off-gas treatment 
systems. Therefore, water vapor is typically removed from the off-gas before any other 
treatment step (see Figure 2). Water vapor removal is accomplished using demisters or 
condensers. The accumulated water or condensate typically requires treatment prior to 
disposal or discharge. Permit requirements for water handling and treatment systems are 
discussed in Section 7.6. 
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3.1.4 Operation and Maintenance 
The initial operation phase following construction and installation of a SVE system 
involves start-up/shakedown. Several days of operation are commonly needed before 
relatively unattended, steady-state operational conditions are achieved. During the early 
stages of remediation, daily system checks may be required (pedersen and Curtis, 1991). 
Automated controls for system shut-down may be employed in the event that 
condensate storage is filled, gas flows fall outside prescribed ranges, or off-gas treatment is 
disrupted. Automated systems may include microprocessor controls and remote system 
monitoring and alarm systems. Even with automatic controls, however, periodic 
maintenance/service visits (often prescribed by equipment manufacturers) are required to 
check belts, lubricate bearings, change filters, etc. In general, maintenance requirements 
tend to be highest at the start of operations, then stabilize at somewhat lower levels for a 
fairly prolonged period of routine operation. For very contaminated sites where the cleanup 
lasts several years, one might expect maintenance to increase, as the equipment gets older. 
However, remediation efforts typically end before this becomes a major problem. 
3.1.5 Bioventing 
The physical removal mechanism of volatilization is generally accompanied by an 
enhancement of natural biodegradation processes. This results from the induced flow of air 
in the vadose zone. The induced air flow increases the supply of oxygen available to the 
microorganisms in the soil. Biodegradation has been shown to be the predominant removal 
mechanism for semi-volatile compounds and heavy fractions of petroleum hydrocarbons such 
as diesel fuel, kerosene, IP-4, fuel oil, etc. (Miller, et al, 1990; Hinchee, et al' 1991). 
The application of SVE primarily as a means of enhancing biological activity is 
referred to as "bioventing". Microbiological factors relating to bioventing are essentially the 
same as for any bioremediation process. These will be discussed in Section 4.0. 
The technology of bioventing is fundamentally the same as for SVE. Operating 
conditions and approaches may be modified to achieve the objective of increasing subsurface 
oxygen content. For example, air injection, along with nutrient and moisture addition to 
increase biodegradation rates, may be employed in bioventing (Hinchee and Miller, 1990). 
Air injection, however, increases the pressure in the subsurface. In SVE, it is generally 
desirable to reduce subsurface pressures in order to enhance volatilization and removal of 
volatile hydrocarbons. Moreover, introducing additional moisture is generally undesirable in 
SVE. A high moisture content decreases the efficient volatilization of hydrocarbons and 
increases the moisture removal, handling, treatment and disposal requirement at the 
extraction point. 
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3.2 Design Parameters 
A major advantage of SVE technology is the relative simplicity of the design of SVE 
systems compared to other in-situ soil remediation systems. SVE systems are comprised of 
commonly-used and widely-available equipment. Nevertheless, an adequate understanding of 
the characteristics of the contaminants of concern, their behavior in soil environments, the 
characteristics of the site, and the SVE process is needed in order to design a SVE system 
that achieves desired levels of contaminant removal in the most timely, efficient and cost 
effective manner possible. 
3.2.1 Site Characterization 
The behavior of volatile organic compounds released into the subsurface from an UST 
leak is governed by the characteristics of the chemica1(s) released and the characteristics of 
the soil environment. These characteristics also control the degree of success that SVE can 
achieve in remediating a particular site. Before designing a SVE system, it should be 
determined that the characteristics of the contaminants and the site are such that a SVE 
system will be effective at meeting the IEPA cleanup objectives for the site. 
As discussed in Section 1, the physical and chemical characteristics that most 
influence the behavior of contaminants in the subsurface are the vapor pressure, water 
solubility, Henry's Law constant, and soil sorption coefficient. The physical and chemical 
characteristics of the soil environment that are most important in the design of SVE systems 
are the permeability to air, the moisture content, the temperature, the organic matter content, 
and the soil type and structure, including the presence of preferred flow paths. 
In order to design an efficient, cost effective SVE system, data on the environmental 
features of the site must be acquired. The site characterization activities must define the 
contaminants of concern, the horizontal and vertical extent of contamination, the depth to 
ground water, the thickness of the unsaturated zone, and soil permeability, moisture content, 
organic matter content, and structure. 
Identifying and quantifying the contaminants of concern leads to the definition of 
cleanup goals, which fundamentally control the subsequent remedial design. Defining the 
contaminants of concern takes place during site characterization by sampling and analyzing 
the soil at the release site. It is not always sufficient to rely on knowledge of the substance 
known or presumed to have been released. The time since the release and the properties of 
the site, as well as the properties of the substance released, will influence the observed soil 
concentrations and determine what cleanup objective(s) will apply. 
For example, if a major release of gasoline occurred several years prior to 
remediation, much of the lighter benzene and toluene may have dissipated or degraded. Of 
the BETX constituents, the residual contamination would be dominated by xylenes. In this 
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case, the cleanup objective to be met would likely be the Total BETX objective. SVE could 
be much less effective at remediating this site than it would be in remediating a similar site 
where a recent gasoline release had taken place. It may be more appropriate to orient the 
design in such a case to achieve remediation through bioventing (see Sections 3.1.5 and 4) 
than through SVE. 
The vertical distribution of contaminants in the soil and the position of the water table 
are key factors affecting design. Often, contaminant concentrations are highest in the soil 
just above the water table. Liquid phase contaminants may be floating on the ground water. 
Seasonal variations in the water table must also be identified. Fluctuating water levels can 
produce zones of highly variable contaminant concentrations. Fluctuating water levels can 
also result in inundation of vapor extraction wells during periods of high water! 
When a vacuum is applied to the vadose zone, the water level will rise, creating a 
mounding effect in the water table. This can inundate a zone of the contaminated soil 
column, thereby shielding it from remediation by SVE. Water table mounding may also 
cause ground water to be drawn into the extraction well, thereby increasing the demand 
placed on the demisting and water handling system. Depressing the water table by pumping 
from a ground water recovery well may be necessary to expose the contaminated soil column 
to gas flow and reduce the moisture loading on the SVE system. Water table depression may 
also be employed to help draw liquid phase hydrocarbons into the zone of influence to be 
volatilized and removed by the SVE system. 
Water table depression necessitates provision of water handling, treatment, and 
disposal systems. This is a major additional element if ground water remediation is not 
otherwise required. On the other hand, if ground water requires remediation as well as soil, 
SVE is particularly well suited to an integrated soil/ground water remediation approach. 
Recovering ground water with conventional recovery wells will draw the water table down, 
thereby exposing a greater volume of soil to treatment by SVE. 
Where the water table is shallow, it may be possible to accomplish remediation of 
both the soil and the underlying ground water by using vacuum assisted pumping. In a 
vacuum assisted pumping application, the vapor extraction well is intentionally extended into 
the water table. The vacuum exhauster is used to provide the lifting force for the pumping 
of contaminated ground water and lowering of the water table. The large head difference 
imposed between the aquifer and the recovery well enhances flow of water to the well. 
When the water table is drawn down sufficiently to drop below the top of the well screen, air 
is drawn through the soil column, and vapor extraction mechanisms dominate the operation. 
Such a system is intentionally designed to handle large quantities of entrained water. 
Air/water separators and water storage and/or treatment systems are integrated into the 
system. 
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3.2.2 Well Placement and Design 
Detailed system design requires that the configuration (i.e., whether vertical wells or 
horizontal laterals, and whether air inlet or injection will be employed), number, size, 
spacing, locations, and completion zones for the extraction system components be specified. 
In order to make these determinations, data on the gas permeability of the soil, and the 
radius of influence of extraction wells under different flow and vacuum regimes should be 
obtained. These data are typically acquired by conducting a pilot vent test at the site. 
The pilot vent test is best conducted on a pilot vent well, but may be conducted on a 
ground water monitoring well that includes a significant screened interval above the water 
table. A vacuum exhauster is attached to the well and a vacuum is applied to the soil 
column. Pressures are monitored in adjacent monitoring wells, and in soil gas probe 
monitoring points driven to strategic depths and locations surrounding the test well. 
Contaminant concentrations are monitored in the exhaust gas, generally by measuring total 
VOCs with a portable organic vapor monitoring instrument. Samples are also collected for 
quantitative analysis of off-gas constituents. The test is conducted for a minimum of several 
hours at varying vacuum pressures and flow rates. Water levels in ground water monitoring 
wells are also measured during the test to determine the degree of water table mounding to 
be expected. 
Additional soil data from the site investigation are also applied in the detailed design 
of the extraction system. These include data on soil texture for design of extraction well 
sand packs and screen specifications. A generalized schematic of a typical extraction well 
was presented in Figure 4. Ideally, sand packs and screens are designed based on 
measurement of the grain-size distribution of the surrounding soil. If the grain size of the 
sand pack and the screen slot size is too large, undue quantities of silt can enter the 
extraction well from the formation. This significantly adds to equipment wear. Too small of 
a sand pack grain size and screen slot size will unnecessarily restrict the air flow into the 
well. This will lengthen the time to achieve cleanup goals and burden the equipment with 
additional work. 
Slotted PVC pipe is generally used for construction of either vertical extraction wells 
or horizontal laterals. Extraction well designs vary. Some sites have been successfully 
remediated with screen set throughout the entire unsaturated zone. In other cases, the 
screens have been set over narrow depth zones corresponding to the depths of greatest 
contaminant concentration. Seasonal fluctuations in the water table must also be taken into 
account when determining the depth interval to be screened. 
Horizontal laterals may be installed in shallow trenches, deep trenches, or by 
horizontal drilling methods. Trenching is accomplished using readily available equipment. 
Most commonly, shallow trenches are excavated with a back hoe or ditch witch. Pre-cutting 
of concrete/asphalt is necessary at paved sites. Slotted PVC piping is installed in a filter 
fabric and gravel pack in a french drain configuration. 
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An adequate surface seal is essential in constructing either vertical wells or horizontal 
laterals to prevent short-circuiting of the air flow to the surface. Extraction wells are sealed 
with bentonite and are grouted to the surface to prevent short-circuiting of the air flow 
through the well annulus. The effects of a surface seal on subsurface vapor flow paths is 
illustrated in Figure 5. If paving has been cut and a shallow trench employed, it is generally 
necessary to repave the surface to prevent short-circuiting. If vertical wells are used, 
standard monitoring well construction techniques employing bentonite seals and grouting 
generally provide an adequate seal. However, some vertical well applications may require 
surface sealing with paving, plastic, or compacted clay to achieve an adequate radius of 
influence. Conditions potentially resulting in the need for extra surface sealing measures can 
include a shallow depth to the target zone for vapor extraction, or the presence of desiccation 
cracks or other soil structures that promote vertical gas flow. The need for surface seals can 
generally be identified during the pilot vent test. 
Air inlet or injection wells can be used to enhance or control subsurface air flow. 
These permit air to enter the subsurface in specific locations under controlled conditions. 
Individual inlet and extraction wells can be opened or closed to permit a high degree of 
control over the progress of remediation. Intensive treatment can be applied to zones of high 
contaminant levels. Dead zones (Le., zones of low air flow or stagnation) can be avoided. 
Passive inlet wells are simply open to the atmosphere and allow air to be drawn into the 
subsurface by the vacuum induced at the extraction well. Injection wells use compressors to 
actively force air into the ground. Figure 6 shows ~ example of an effect of air injection. 
Effectively, u pulsed ll operations can be undertaken by alternating treatment between 
different zones of the site. This enables the benefits of pulsed operation to be realized (see 
Section 3.2.5) but avoids equipment downtime and avoids the prolonging of the overall time 
to complete remediation that results from the cyclic operation of the entire system. 
3.2.3 Air Flow System 
The design of the air flow system components is primarily dependent on the capacity 
of the subsurface to deliver air and hydrocarbon vapors, via the extraction system. Air 
handling equipment is generally sized to maximize flow and VOC removal rates, and hence 
minimize the 'time required for remediation, within these site-specific constraints. 
Basic vacuum producing equipment includes vacuum pumps, displacement blowers, 
and centrifugal blowers. The piping connecting the extraction wellheads to the blower and 
treatment systems is called the manifold. The manifold is generally constructed from 
Schedule 40 or Schedule 80 PVC and fittings. It may be installed above ground or buried, 
depending on the configuration, activity level, and security of the site. The manifold 
includes meters for gauging air flow, valves for controlling air flow from each extraction 
well, and ports for sampling. Extraction systems consisting of horizontal laterals may be 
divided into subsections with independent flow controls. 
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Figure 5. Effect of Surface Seal on Underground Vapor Flow Paths 
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The electrical control system may consist of simple manual switching, but more 
commonly includes timer andlor sensor controls for semi-automatic operation. Some systems 
have been constructed with microprocessor controls and telemetry for remote operation via 
modem and personal computer. 
The monitoring system includes vacuum/pressure gauging, flow gauging, and 
temperature gauging at strategic points in the manifold. Pressure, flow, and temperature 
sensors are commonly integrated in the control system to provide automatic shut-off if upset 
conditions occur (for example, loss of vacuum in an extraction line, failure of the off-gas 
treatment system, or excessive temperatures). Sampling ports are also provided in the 
manifold for measuring contaminant concentrations at each wellhead and upstream and 
downstream of the off-gas treatment system. 
Since potentially explosive gas mixtures are handled by SVE systems, care must be 
exercised in the design and construction of the system. Blowers and piping should be 
selected to minimize leaks, and explosion-proof electrical motors and wiring components 
should be employed. Fire and building codes must be strictly followed. 
Stand-alone, skid-mounted or trailer-mounted SVE systems are available from some 
vendors in a variety of rated sizes. These prefabricated units are easy to install, generally 
requiring only a connection to the manifold and appropriate electrical hook-ups. 
3.2.4	 Off-Gas Treatment Systems 
The parameters relating to selection and design of off-gas treatment systems include: 
•	 the contaminants of concern; 
•	 the anticipated contaminant concentrations, gas flow rates, and contaminant 
mass loading; 
•	 the time in which remediation is to be completed; 
•	 cost, including both capital expenditure or lease cost, and the cost of 
supplementary fuel (if required); and 
•	 ease of maintenance. 
The off-gas undergoes heating from compression in passing through the blower. Cooling 
may therefore be required prior to off-gas treatment (pedersen and Curtis, 1991). 
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The prefabricated SVE systems mentioned above are generally available with a variety 
of off-gas treatment systems integrated into the unit. Available treatment options include: 
• granular activated carbon (GAC) adsorption; 
• thermal oxidation (incinerator and packed-bed thermal processor); 
• catalytic oxidation; 
• internal combustion engine; and 
• biodegradation. 
GAC, thermal oxidation, and catalytic oxidation units are most frequently employed. 
The selection of one form of off-gas treatment over another is based on the combined criteria 
of cost and technical applicability. For example, very high concentrations of contaminants 
are needed for self-sustaining internal combustion engines to operate. Granular activated 
carbon is effective at low contaminant concentrations, but the costs of replacement or 
regeneration become prohibitive at high concentrations. The capital cost of a catalytic 
oxidation unit can be accommodated at these high concentration because its operating costs 
are less than the replacement costs of activated carbon. Figure 7 shows the concentration 
ranges over which various off-gas treatment technologies are effective (pedersen and Curtis, 
1991). 
Granular Activated Carbon (GACl Adsorption 
Adsorption on granular activated carbon (GAC) is the most common method for 
treating SVE off-gases (pedersen and Curtis, 1991). GAC is easy to handle, is readily 
available, can be regenerated for reuse, and is effective in adsorbing a wide variety of 
contaminants. Package systems are available for purchase or lease in many sizes. 
The adsorption efficiency of GAC depends on the constituents present, their 
concentrations, and the temperature and humidity of the gas stream. Isotherms showing the 
mass of specific contaminants that can be adsorbed per unit mass of carbon are available for 
many contaminants. GAC has a high affinity for the contaminants most commonly 
associated with LUST sites. 
The mass loading associated with many LUST site SVE systems may make GAC 
treatment cost-prohibitive, at least in the initial stages of cleanup when VOC concentrations 
in the off-gas are high. In this case, the adsorptive capacity of the GAC may be quickly 
reached and the costs of regeneration/replacement may be prohibitive (pedersen and Curtis, 
1991). 
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Figure 7. Applicability of SVE Off-Gas Treatment Options 
Thermal Oxidation 
Thermal oxidation employs direct incineration of the VOCs, generally in a 
combustion chamber. Several commercial vendors supply units suitable for SVE systems. 
Very high temperatures (1000 to 1400 degrees F) are employed to achieve complete 
destruction of the contaminants. This complete destruction is the major advantage of 
incineration over GAC adsorption, where the contaminants must still be disposed following 
collection on the carbon. Fuel costs to maintain the required temperature may be quite high. 
However, if the concentration of VOCs produced by the SVE system is high, the 
contaminants will help sustain the combustion. Off-gas concentrations above 50,000 ppm 
may be capable of supporting combustion without additional fuel. 
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A variant on thermal oxidation is the packed-bed thermal processor. In this type of 
unit, a packed bed of ceramic beads is heated to 1,800 degrees F. The SVE off-gas is 
passed through the packed bed and the contaminants are oxidized. Initial heating of the 
packed bed is done electrically. If contaminant concentrations exceed about 2,000 ppm, 
combustion of the contaminants maintains the temPerature and no supplemental fuel is 
required. This system is somewhat unique among incineration techniques in its ability to 
process chlorinated compounds without degradation of the packed bed (pedersen and Curtis, 
1991). 
Catalytic Oxidation 
Catalytic oxidation systems employ a catalyst, generally a precious metal mesh or 
packed bed, to accelerate the oxidation of the contaminants. These systems operate at much 
lower temPeratures than thermal incineration units and therefore have lower fuel 
requirements. Care must be exercised to keep the concentration of contaminants in the SVE 
extraction gas below about 3,000 ppm to prevent overheating, which deactivates (or melts) 
the catalyst (Pedersen and Curtis, 1991). 
Internal Combustion Engine 
Internal combustion engines have been used for many years to destroy landfill gas and 
have recently been applied to the destruction of VOCs from SVE systems. This application 
has mainly been employed in southern California. Virtually any automotive or industrial 
engine can be used. Carburetor modifications are required to enable the engines to run on a 
gaseous fuel. Supplemental fuel (usually propane) may be required, and ambient air must be 
provided to supply oxygen to sustain combustion. A standard automobile catalytic converter 
is typically employed as a final cleaning step. 
Internal combustion engines are portable, relatively easy to maintain, and can handle 
a very wide range of contaminant concentrations. Experience in California indicates removal 
efficiencies comparable to other off-gas treatment systems. In addition, it is possible to 
harness some of the engine's power to other uses, such as powering vacuum pumps or a 
generator. However, they require considerable attention during operation, can handle onIy 
limited flow rates, and are noisy (pedersen and Curtis, 1991). 
Biodegradation 
Biodegradation of vapor streams may be accomplished in a soil bed. Laterals of 
perforated pipe are buried in the soil bed to distribute the exhaust gas. In passing through 
the soil bed, contaminants are adsorbed on soil particles and degraded by the resident 
microbial population. Since the bed is constructed, careful control of the environment 
(particularly with respect to moisture and nutrient content) in the soil is possible. If large 
amounts of water are added, a leachate collection system may be required. Soil beds have 
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been used at sewage treatment and industrial plants for odor control for many years. Their 
use at remediation sites is recent (pedersen and Curtis, 1991). 
Moisture Removal 
The air flow from the subsurface may contain considerable moisture in both liquid 
and vapor phases. Dust and silt particles may also be entrained in the air flow. The amount 
of water in the air flow depends on the moisture content of the soil, the soil permeability, the 
proximity of the screen to the water table, the amount of infiltration, and the configuration 
and operating conditions of the SVE system. 
Removal of entrained liquid water, water vapor, and particulates is important to 
minimizing equipment wear (and therefore maintenance costs) and extending equipment life. 
Water removal is essential if GAC treatment is employed, since the water decreases the 
capacity of the carbon to remove contaminants and carbon replacement costs soar. 
Demisters, knock-out drums and condensers are used for moisture removal. The 
collected water must be treated and disposed. If ground water is being remediated at the 
site, the water can be added to the ground water treatment system influent stream. If the rate 
of water production is low, collection and disposal at a commercial industrial wastewater 
treatment facility is simple, and it may be the most economical disposal method. 
Direct Discharge 
Instead of treating off-gasses, one simple way that hydrocarbon emission rates can be 
limited is through operational controls. There are two basic approaches: 
•	 bleeding fresh air into the system to reduce the air flow from the subsurface 
and dilute the off-gas stream prior to discharge; and 
•	 limiting the amount of time the system operates during the day, based on the 
monitored concentrations of total organic vapors in the off-gas. 
Since these control methods reduce the rate of voe removal from the subsurface, the 
time required to complete remediation can be substantially lengthened. Off-gas treatment 
may be necessary if cleanup time requirements are to be met. 
3.2.5	 Operating Parameters 
Initiating system operation includes turning on the blower(s), opening manifold valves 
to extraction wells, and opening air inlet wells (if any). Adjustments are then required to the 
air flows in the various portions of the system to conform the extraction process to the 
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design. Subsurface air flows are controlled by adjusting valves on extraction wells and air 
inlet wells. 
The emission control system is also started and monitored. GAC systems require 
little or no attention once the air flow system is activated, other than to monitor gas 
concentrations to determine carbon regeneration/replacement times. Thermal treatment or 
internal combustion engine systems may require frequent adjustment of air and fuel addition 
rates, particularly during initial stages of venting when hydrocarbon concentrations in the gas 
stream can vary widely. 
The SVE system may be operated in various modes. The extraction system, or 
different individual extraction well zones within the system, may be periodically shut off to 
allow soil vapor levels to re-equilibrate. This is referred to as "pulsed venting11. Studies 
have shown that SVE efficiency is improved (in terms of pounds of hydrocarbons recovered 
per unit of energy expended) using pulsed venting, compared to continuous operation. 
Pulsed venting may also be necessary to keep VOC concentrations sufficiently high to 
support combustion in thermal or internal combustion engine treatment systems. 
In systems with air inlet vents, inlet air may be preheated to enhance subsurface 
volatilization. Waste heat or exhaust gas from the off-gas treatment system may be used for 
inlet air heating. Steam injection has also been employed in some applications, particularly 
those targeting remediation of heavy fuels, semi-volatile compounds or residual liquids in the 
unsaturated soil zone. Since many of the physico-chemical parameters affecting volatilization 
and adsorption of contaminants in soils are temperature dependent, it seems likely that 
introduction of heated air to the subsurface would have a beneficial impact on the success of 
SVE remediation. To date, however, no studies are available that quantify this effect. 
System monitoring is also necessary to ensure efficient operation, determine when 
cleanup goals have been met, and ensure compliance with emission/discharge limitations. 
Monitoring includes measuring flow rates and pressures at extraction and air inlet wells, and 
collection of gas samples from each well, soil vapor monitoring point, and upstream and 
downstream of the residuals treatment systems. Ground water levels, soil temperature, and 
meteorologic conditions may also be useful in evaluating system performance. 
3.3 Costs 
The cost of SVE, as with all remediation techniques, is highly site-dependent. A 
major variable with a large impact on cost is whether off-gas treatment is required, and, if 
so, what system is adopted. Past history at various sites nationwide has yielded costs ranging 
from as low as $10/ton to as much as $150/ton. Typically, SVE treatment costs are about 
$50/ton (U.S. EPA, 1991). On a volume basis, costs have been reported to generally run 
from $20/yd3 to $50/yd3 (Testa and Winegardner, 1991) and from $15/yd3 to $20/yd3 with no 
off-gas treatment (U.S. EPA, 1992). 
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SECTION 4
 
BIOREMEDIATION
 
Bioremediation relies on microorganisms to biologically degrade the organic 
contaminants in soil or ground water. A variety of both aerobic and anaerobic organisms are 
capable of metabolizing petroleum hydrocarbons. However, anaerobic degradation is 
generally slower and less complete. Aerobic organisms are typically used for biodegradation 
of organic contaminants. These include Pseudomonas, Flavobacterium, Achrombacter, 
Anthrobacter, Micrococcus, and Actinobacter (Testa and Winegardner, 1991). 
Aerobic microorganisms require nutrients, water, oxygen, and suitable conditions of 
pH and temperature in order to thrive. The common objective of all bioremediation 
approaches is to optimize the biological degradation of contaminants by optimizing the 
conditions for bacterial growth. Under ideal conditions, the end products of aerobic 
biodegradation are microbial biomass, carbon dioxide, and water. 
Bioremediation does not treat inorganic waste constituents. Alternative treatment 
methods may be needed to remediate soils contaminated with leaded gasoline or waste oil 
(waste oil may contain significant concentrations of hazardous metals derived from the 
wearing down of machine parts). Bioremediation techniques may be employed in concert 
with other remediation technologies to effectively achieve complete cleanup of complex sites 
or sites with complex mixtures of organic and inorganic contaminants. 
4.1 Description of Technology 
There are several different approaches to bioremediation. They can be grouped into 
two broad categories according to whether the soils are treated in-situ or are excavated and 
treated above-ground. In,..situ methods include natural (passive) bioremediation and enhanced 
in-situ bioremediation. Above-ground technologies include (U.S. EPA, 1991a): 
• slurry-phase bioremediation; 
• contained solid phase bioremediation and composting; and 
• landfarming. 
Each of these methods is briefly described in the following subsections. 
4.1.1 Natural (passive) Bioremediation 
Naturally occurring aerobic microorganisms capable of degrading petroleum 
hydrocarbons and other organic contaminants are commonly present in the vadose 
(unsaturated) zone of soils and in the upper, oxygenated zone of water table aquifers (Wilson 
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and McNabb, 1983). Given sufficient time, natural biodegradation will occur at many LUST 
sites, and most fuel hydrocarbons will eventually be destroyed (Hinchee and Miller, 1990). 
The natural biodegradation process is typically very slow, and may not proceed at all 
if any of several key environmental factors is missing from the system or conditions are not 
conducive to bacterial growth. Key strains of bacteria may simply not be present. Oxygen 
or nutrients (nitrogen, phosphorus, micronutrients) are often naturally deficient. 
Contaminant concentrations may be so low that the natural microbial population does not rely 
on the contaminant as a food source. Conversely, at excessively high concentrations the 
contaminant may be toxic to life, or metabolism of the pollutant may entirely deplete the 
available oxygen. In cold climates, metabolism may be slowed dramatically. Because of 
these factors, biodegradation may be reduced to the point where no significant decrease in 
contaminant concentrations can be observed over many years. Sites where the USTs leaked 
30 or more years ago are still contaminated with gasoline constituents today. Middle 
distillate and heavy end hydrocarbons are even more difficult to metabolize and degrade than 
the gasoline constituents. 
The effectiveness and speed of natural biodegradation depend on the contaminants 
present; the population of microorganisms (total numbers, diversity of species, general 
nutritional status and health); and the availability of nutrients, moisture, oxygen, suitable 
temperatures, and suitable pH conditions. When these conditions are not maximally 
conducive to contaminant breakdown, biological activity may be enhanced artificially. 
At this time, the IEPA does not support natural, passive bioremediation of petroleum­
contaminated LUST sites. Cleanup times are too long (on the order of many years) and the 
agency is requiring more aggressive cleanup efforts. 
4.1.2 Enhanced In-Situ Bioremediation 
As a treatment technology, this type of bioremediation consists of the acceleration or 
enhancement of the natural biodegradation process. This may become necessary if natural 
bioremediation is proceeding too slowly or ineffectively to achieve cleanup goals within 
prescribed time limits (time limits either set by the IEPA, which would generally prefer to 
see cleanup projects completed within no more than a few years if possible, or self-imposed 
by the site owner). Enhancement of biological activity may become necessary if the 
contaminants are spreading to potentially threaten water supplies or other valuable 
uncontaminated resources. The owner of a site may be unable or unwilling to wait for the 
negative impact of the contaminants on site usefulness, salability, liability, or regulatory 
compliance to diminish naturally. It may be necessary to remediate a site relatively quickly 
in order to sell the property. 
Enhanced in-situ bioremediation relies on naturally occurring or introduced 
microorganisms to treat residual hydrocarbon contaminants in the unsaturated zone of in­
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place soils. The contaminated soil is not excavated. The objective is to establish an 
environment favorable to microbial growth and hydrocarbon degradation by managing soil 
moisture content, oxygen content, nutrient levels, pH, temperature, and in some cases, the 
population of microorganisms. This is accomplished by delivering organisms, nutrients, and 
oxygen to the contaminant, rather than bringing the contaminated soil to the point of 
treatment. 
If natural populations of hydrocarbon degraders in the contaminated soil are absent or 
low in numbers, they can be supplemented with acclimated or developed organisms from 
outside sources. Acclimated organisms that thrive in the presence of specific contaminants or 
mixtures of contaminants can be cultured for use at specific sites. In addition, several 
companies market developed or genetically engineered strains that can be used to inoculate 
soils and/or supplement natural populations. 
Soil amendments (such as liquid fertilizer, pH buffering solutions, or suspensions of 
microorganisms) may be applied through irrigation of the soil surface or by injection through 
probes or wells. Moisture may be added through irrigation. Oxygen may be added by 
aeration or addition of hydrogen peroxide to irrigation waters. 
In many cases, in-situ bioremediation is conducted by saturating the contaminated soil 
with water, artificially raising the water table. Conveying microbes, nutrients and oxygen to 
the contaminants in the subsurface is simplified when they can be transported in solution. 
This approach can be used to combine soil treatment with remediation of contaminated 
ground water. A system of wells is required to recover and recirculate the treatment solution 
and control the hydrology of the system. 
A special case of in-situ bioremediation involves increasing soil oxygen levels by 
introducing air flow in the unsaturated zone. This technique is commonly referred to as 
"bioventing". In its simplest form, no moisture or nutrients are added during bioventing. 
The air may be introduced by injecting air under pressure through injection wells or laterals 
or by applying a vacuum to extraction wells. 
From an engineering standpoint, bioventing is very similar to Soil Vapor Extraction 
(SVE, discussed in Section 3). Both bioventing and SVE use much of the same equipment, 
installed and operated in similar ways. However, the primary mechanism for contaminant 
treatment in SVE is volatilization and removal of the contaminants from the in-place soil in 
the air stream, for subsequent collection, treatment, destruction, and/or discharge to the 
atmosphere. In contrast, the primary mechanism for contaminant treatment in bioventing is 
the in-situ microbial breakdown of the contaminants. 
In most applications, both mechanisms take place to some degree, even though the 
design places primary reliance on only one. The relative importance of each mechanism 
depends on the contaminants present. Vapor extraction is generally the dominant mechanism 
at sites contaminated with light, volatile hydrocarbons such as gasoline constituents, while 
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bioremediation will dominate at sites contaminated with heavy, less volatile hydrocarbons 
such as diesel fuel, fuel oil, kerosene, or tars. Sites with mixed contaminants will exhibit an 
initial depletion of light hydrocarbons by volatilization. Following that, the site will convert 
to a more gradual cleansing by biodegradation of the heavy fraction. 
4.1.3 Slurry-Phase Bioremediation 
Slurry-phase bioremediation is a waste treatment technology applied' above-ground to 
excavated soils. In slurry-phase bioremediation, the contaminated soil is mixed with water to 
create a slurry. The slurry is aerated and the contaminants are aerobically biodegraded. The 
treatment can take place on-site or the soils can be removed and transported to a remote 
location for treatment. The process generally takes place in a tank or vessel (a_ "bioreactor tl), 
although it is also possible to carry it out in a lagoon. Thus, the process can be compared to 
activated sludge digestion or lagoon aeration in the wastewater treatment industry. 
Slurry-phase biodegradation is a batch process. Figure 8 presents a schematic of the 
process. Soil preparation includes excavation and screening to remove large rocks and 
debris. A specific volume of contaminated soil is mixed with water, nutrients, and 
microorganisms. The pH may require adjustment. The slurry is treated in the bioreactor 
until the desired level of treatment is achieved. Aeration is provided by compressors and 
spargers. Mixing is accomplished by aeration alone or by aeration combined with 
mechanical mixers. When the desired level of treatment has been achieved, the unit is 
emptied, the treated soil is dewatered and disposed, the wastewater is treated and disposed or 
recycled, and a second volume of soil is treated. 
During treatment, the oxygen and nutrient content, pH, and temperature of the slurry 
are adjusted and maintained at levels suitable for aerobic microbial growth. Natural soil 
microbial populations may be used if suitable strains and numbers are present in the soiL 
More typically, microorganisms are added to ensure timely and effective treatment. The 
microorganisms can be seeded initially on start-up, or supplemented continuously throughout 
the treatment period for each batch of soil treated (U.S. EPA, 1991a). 
4.1.4 Contained Solid Phase Bioremediation and Composting 
In contained solid phase bioremediation, the excavated soils are not slurried with 
water. The contaminated soils are simply blended to achieve a homogeneous texture; 
sometimes textural or bulk amendments are added; nutrients, moisture, pH adjustment, and 
microbes are added; and the soil is placed in an enclosed building, vault, tank, or other 
enclosed vessel. This approach has been used in Europe, but not in this country to any 
appreciable extent (U.S. EPA, 1991a). The temperature and moisture conditions are 
controlled to maintain good growing conditions for the microbial population. In addition, 
since the soil mass is enclosed, rainfall and runoff are eliminated and VOC emissions can be 
controlled. Mechanisms for managing!controlling flammable or explosive atmospheres and 
special equipment for blending and aeration of the soil may be required (U.S. EPA, 1991a). 
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Figure 8. Schematic of the Slurry-Phase Bioremediation Process 
Composting, if carried out in an enclosed vessel, is similar to contained solid phase 
bioremediation but does not employ added microorganisms. Usually composting is 
conducted outdoors rather than in an enclosed space. Structurally fIrm material may be 
added to the contaminated material to improve its handling characteristics, and the mixture is 
periodically stirred or mixed to promote aeration and aerobic degradation. Moisture may 
also be added. 
The two basic types of unenclosed composting are open windrow systems and static 
windrow systems. In open windrow systems, the compost is stacked in elongated piles. 
Aeration is accomplished by tearing down and rebuilding the piles. In static windrow 
systems, the piles are aerated by a forced air system (U.S. EPA, 1991b). Composting is 
most commonly a less controlled process than other forms of bioremediation (with the 
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possible exception of land farming), in that the waste is not protected from variations in 
natural environmental conditions, such as rainfall and temperature fluctuations. 
4.1.5 Land Farming 
This process involves spreading the contaminated soil in fields or lined treatment 
beds. The soil is spread in lifts up to 1/2-inch thick. Conventional construction and/or farm 
equipment may be used to spread the soil. The soil is tilled periodically thereby providing 
oxygen. Microorganisms, nutrients, and moisture may be added. Clay or plastic liners may 
be installed in the field prior to placement of the contaminated soil. The liners act to retard 
or prevent migration of contaminants into underlying and adjacent clean soils, ground water, 
and surface water. 
Treatment is achieved by biodegradation in combination with aeration and possibly 
photo oxidation in sunlight. These processes are most active in warm, moist sunny 
conditions. Treatment is greatly diminished or even completely arrested during winter 
months when temperatures are cold and snow covers the ground. 
In Illinois, land farming has been allowed by the IEPA at only a few sites and only 
for the treatment of soils contaminated with gasoline. The IEPA considers this to be 
primarily an aeration technique for removing gasoline from soil. The facility must be 
permitted and measures to protect the treatment site from soil, ground water, and air 
pollution must be implemented. 
4.2 Design Parameters 
Most design and field experience for biological waste treatment systems has been 
gained in two applications: 
• landfarming of organic industrial waste waters, sludges, and solid wastes; and 
• the treatment of liquid phase hydrocarbons in above-ground oil spill incidents. 
Additional experience in handling contaminated water and solid and semi-solid sludges 
has been gained in the biological treatment of industrial waste waters. The application of 
these technologies to contaminated soils and ground water is relatively recent, however. 
Landfarming has been practiced by the petroleum industry for many years for the 
treatment of refinery wastes (Testa and Winegardner, 1991). Landfarming is well suited to 
the destruction of petroleum hydrocarbons in soils. However, relatively large land areas 
(from an acre to several tens of acres) must be available and committed for significant time 
periods (from several months to several years) in order to achieve sufficient treatment of 
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soils to achieve clean-up goals. Sufficient space for treating soils contaminated by releases 
from USTs is typically not available at retail gasoline sales/service stations. Distribution 
terminals often have more land area in buffer zones around tank farms that can be used for 
landfarming. Soils from retail locations may be transported to nearby terminals for treatment 
by companies that control both locations. 
Above-ground techniques employing slurry phase bioreactors are based largely on 
activated sludge digestion systems. These approaches were adapted to treating soils 
contaminated with organic contaminants when problems associated with uncontrolled 
hazardous waste sites began to be attacked. 
In-situ techniques for the treatment of ground water were developed as well. These 
approaches relied on water injected from the surface to deliver introduced microbes, oxygen, 
and nutrients to the contaminated portions of the aquifer. 
Prior to the early 1980s, in-situ treatment of the unsaturated zone was virtually 
unheard of. Previously, the unsaturated soil zone below the root zone was thought to be 
essentially sterile. Bioremediation of this zone was generally considered to require 
excavation and treatment in landfarms or bioreactors. Investigations in the early 1980s 
revealed, however, that not only the vadose zone but also shallow water table aquifers are 
important habitats for natural microbial populations (Wilson and McNabb, 1983). 
The remediation of unsaturated soils using biological treatment methods has received 
increased attention. Different remediation approaches involving both introduced microbes 
and natural populations have been pursued. To a large extent, these in-situ approaches 
remain unproven from the point of view of the engineer and the regulatory official. The 
main uncertainties center on questions of effectiveness and cost. As with any in-situ 
technique, the effectiveness of bioremediation in treating the entire volume of contaminated 
soil is difficult to control and monitor. In contrast, above-ground systems including both 
landfarmingand slurry-phase bioreactors are increasingly gaining recognition and acceptance. 
Design of a bioremediation system, whether in-situ or after removal, must be based 
on adequate information about the site and the contaminants. Information about the site is 
important because the physical, chemical, and hydraulic properties of the soil affect the 
behavior of the waste constituents and determine the environment in which soil 
microorganisms live. 
Treatability studies are needed to determine the suitability of bioremediation as a 
cleanup technology, and as part of the project design to provide information on the specific 
conditions required for microorganisms to biodegrade the contaminants present at the site. 
Treatability studies provide data on the types and amounts of nutrients, oxygen, moisture, 
and pH adjustment needed to maintain a healthy population of microorganisms. Treatability 
studies may be conducted at any of several levels of complexity, depending on whether they 
are intended to screen technologies for possible use, or support detailed design of a specific 
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system. The tests can range from several days to several months in duration. They may 
simulate in-situ conditions, or conditions in a slurry bioreactor (U.S. EPA, 1991b). 
Biodegradation can take place in what may appear to be a very effective manner, 
achieving reductions in contaminant concentrations of over 90 %• However, for highly 
contaminated sites, this may nevertheless be insufficient to meet cleanup objectives. Critical 
variables that must be determined in the treatability testing are whether the cleanup objectives 
can be met, and if so, how much time will be required. ' 
Information about the natural microbiology of the soil may be necessary to determine 
whether suitable species are present to accomplish biodegradation. If not, supplementary 
microorganisms may need to be added. These can be natural strains that are cultured from 
the on"..site population or other sources, or they can be genetically engineered strains. Both 
are available commercially. 
Design of systems for above-ground bioremediation requiring excavation of the soil 
before treatment is relatively straight forward. Critical parameters include the volume and 
the physical, chemical, and microbiological characteristics of the soil to be remediated. 
In bioreactor systems, the excavated soil is mixed with water to make a slurry. 
Nutrients and microorganisms are added. The pH of the slurry may be adjusted. The slurry 
is batch-treated in the bioreactor. Many above-ground systems are installed and operated by 
independent vendors who provide transportable on-site treatment units. 
4.3 Costs 
The costs for bioremediation are highly variable, depending on the specific system 
selected and site specific factors. Chief among these is whether an in-situ or ex-situ 
approach is to be employed. Additional costs are associated with design, including 
treatability testing; permitting; and operation and maintenance, including monitoring (sample 
collection and analysis). These costs are highly variable and may be potentially significant, 
especially for sites with small volumes of contaminated soil. Cost information for 
bioremediation systems is summarized in Table 4. These data were largely compiled by the 
U.S. EPA and reflect the range of costs encountered throughout the U.S. Data specific to 
Illinois LUST sites were not available at the time of this investigation. Some of the factors 
affecting the cost of the various approaches are discussed below. 
4.3.1 Natural (passive) Bioremediation 
There are no technology-related costs associated with passive remediation. The costs 
incurred are associated with monitoring the site, collection and analysis of samples, sampling 
to demonstrate that cleanup goals have been met, and reporting and closure certification. 
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Table 4. Costs Associated
 
With VariOllS Bioremediation Systems
 
Range of Estimated Range of Estimated Notes 
Treatment Costs Treatment Costs and 
Technology ($/ton) ($/yd3) References 
Natural (Passive) (none) (none) (1) 
Bioremediation 
Enhanced In-Situ $50 - $100 $66 - $123 (2,3) 
Bioremediation 
Enhanced In-Situ $56 $75 (2,4) 
Bioremediation 
Bioventing $10 - $150 $13 - $200 (2,3) 
Bioventing (SVE) $15 - $38 $20 - $50 (2,4) 
Slurry-Phase $60 - $115 $80 - $150 (2,3) 
Bioremediation 
Land Fanning $5 - $70 $7 - $92 (2,5) 
Contained Solid N/A N/A (6) 
Phase and Composting 
(1)	 Monitoring and closure documentation costs are estimated by this author to range from 
about $10,000 to over $50,000 depending on the size of the site and the volume ofsoil to 
be treated. 
(2)	 Costs oftreatability studies and operational!closure monitoring may not be included in this 
cost. Screening treatability studies may cost from $10,000 to $50,000. Design treatability 
studies may lastfor several months and cost over $100,000, ifunusual contaminants (i.e., 
contaminants other thanBTEX and the PNAs typical ofpetroleum products) are being tested 
(U.S. EPA, 1991b). Monitoring and closure documentation costs may range from about 
$10,000 to $50,000 depending on the size ofthe site, the volume ofsoil to be treated, and 
the specific technology configuration employed. 
(3)	 u.s. EPA, 1991a. 
(4)	 Testa and Winegardner, 1991. 
(5)	 U.S. EPA, 1991b. 
(6)	 Data not available. Contained Solid Phase projected to be more costly than landfarming 
due to specialized equipment and greater process controls (e.g., aeration) (U.S. EPA, 
1991a). 
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4.3.2 Enhanced In-Situ Bioremediation 
Costs for bioremediation of soils contaminated with petroleum hydrocarbons are 
highly variable and not well documented. This is mainly because available cost data are 
primarily derived from systems designed to treat contaminated ground water rather than 
unsaturated soils. 
The costs of bioventing are similar to those of Soil Vapor Extraction (see Section 3). 
Simple bioventing (Le., without any moisture or nutrient addition) costs typically range from 
$20 to $50 per ton (about $26 to $66/ycP), depending on the depth and volume of soil to be 
remediated and the ease of venting (Testa and Winegardner, 1991). For deep soils with low 
air permeabilities venting costs can reach $150 per ton (about $195/yd3) (U.S. EPA, 1991a). 
4.3.3 Slurry~Phase Bioremediation 
Vendor estimates of the cost of full~scale operation range from $80 to $150/yd3 (about 
$60 to $115 per ton) of soil , depending on the initial concentration of contaminants and the 
volume of soil to be treated (U.S. EPA, 1991a). 
4.3.4 Contained Solid Phase Bioremediation and Composting 
Cost data were not available for contained solid phase bioremediation or composting. 
The U.S. BPA qualitatively estimated that the cost of contained solid phase bioremediation 
will be more costly than land farming due to higher levels of process control (e.g., aeration). 
4.3.5 Land Farming 
Land farming costs have been reported by the U.S. EPA (1992) as being highly 
variable, ranging from as little as $5 per ton to as much as $70 per ton (about $7/y~ to 
$90/yd3). These figures are based on nationwide data and therefore reflect the very wide 
differences in soil, climate, and perhaps most importantly, regulatory conditions, from state 
to state. 
Testa and Winegardner (1991) estimate the cost of land farming at about $50/yd3 
(about $66 per ton), not including permitting costs or analytical costs associated with testing 
to confirm that cleanup goals have been met. Permitting is projected to be difficult and 
associated costs can be expected to add significantly to the cost per ton for small projects 
(Testa and Winegardner, 1991). Permitting costs are essentially fixed, however. Therefore, 
the cost per ton should improve for projects treating large amounts of soil. 
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SECTION 5
 
THERMAL TREATMENT AND INCINERATION
 
Thermal treatment technologies for contaminated soils are divided into two categories: 
low-temperature thermal desorption (or stripping) and incineration. Low temperature thermal 
desorption systems operate at temperatures from about 300 0 P (about 150°C) to no more than 
about 800°F (about 425°C). They work by thermally desorbing or stripping the 
contaminants from the soil. The off-gas from the desorber is then discharged to the 
atmosphere or treated to recover the organic vapors. Recovered vapors are destroyed or 
disposed to a commercial disposal or recycling company. Incineration systems, on the other 
hand, operate at much higher temperatures of 1,600 to 2,20QoP (about 870 to 1200°C). 
They work by first volatilizing the contaminants, then destroying them by combustion. 
Low temperature thermal desorption systems are designed for the treatment of soils 
containing volatile organic compounds such as those comprising gasoline and organic 
solvents. On the other hand, high temperature incineration systems are primarily designed 
for use in treating soils containing hazardous wastes, rather than petroleum products. In 
these cases, the objective is the complete destruction, not simply the removal, of the organic 
compound. 
The high level of treatment provided by high temperature incineration generally is not 
considered necessary for most petroleum contaminated soils. In addition, the cost of 
incineration is generally much higher than other forms of treatment that are acceptable for 
petroleum contaminated soils. However, the technology is briefly discussed in this document 
because there have been (and likely will continue to be) cases where hazardous substances 
other than petroleum products will be released from leaking underground storage tanks. In 
these cases, incineration may be an alternative worth considering. 
5.1 Description of Technology 
Thermal desorption and incineration are both above-ground techniques for removal of 
organic contaminants from excavated soils. They are alternatives to landfill disposal or other 
above-ground treatment technologies. They result in the elimination of the potential long 
term liabilities associated with landfill disposal. They are of limited applicability at sites 
where complete excavation is impractical. 
5.1.1 On-site/Off-Site Options 
Mobile thermal desorption processors are available for lease from various vendors for 
use on-site. Typically these units are mounted on one or several specially modified flatbed 
semi-trailers. These units have sufficient capacity to process soils at retail gasoline stations if 
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sufficient space is available to handle the soil to be treated. These are stand-alone units that 
require only power connections and a water supply to operate. 
Some thermal desorption processors are located off-site at fixed treatment centers. 
The use of a commercial regional treatment center is straightforward. The soil is excavated 
and transported to the center for treatment, just as in the case of excavation and landfill 
disposal. Regional, fixed hazardous waste incinerators also exist around the country. 
Hot mix asphalt plants comprise a specialized category of off-site thermal treatment 
center. These plants incorporate petroleum contaminated soil in the process of manufacturing 
asphalt mix for paving roads. Disposal at hot mix asphalt plants has been accepted in some 
states. However, according to the records examined to date, the IEPA has not yet approved 
treatment of petroleum contaminated soils at a hot mix asphalt plant in Illinois. 
Several vendors lease the use of lltransportable" incinerators. They are similar in 
operation to the large commercial hazardous waste incineration facilities located at regional 
treatment centers, but have smaller capacities. These units are transported to the site on 
trucks, but may require extensive site preparation, may require weeks or months to erect, 
and may require substantial foundations. Two or more acres are commonly required for the 
overall system site, including ancillary support. Their use is generally considered "overkill" 
for petroleum contaminated sites, since soil cleanup goals for the usual petroleum 
constituents of concern (Le., benzene or total BETX) generally can be met with much less 
intense treatment. 
5.1.2 Thermal Desorption 
Thermal desorption is a physical separation process. The temperatures and residence 
times employed are sufficient to volatilize the contaminants from the soil, but not to destroy 
them. Air, combustion gas, or an inert carrier gas is used to transport the volatilized 
contaminants from the soil. Upon exiting the desorber, the contaminant-laden carrier gas 
may be treated to control dust and contaminant emissions, before being discharged to the 
atmosphere. 
The general process of thermal desorption is depicted in Figure 9. The first step is 
excavation of the contaminated soil. The excavation process is the same as for any other 
above-ground process. This was described in Section 2.0. 
The materials handling step involves stockpiling the excavated soils for on-site 
treatment or shipment to regional centers for treatment. In addition, objects (e.g., rocks, 
sticks, debris) larger than about 1.5 inches are commonly screened from the soil. These 
materials can cause feed problems and interfere with the effectiveness of the treatment. They 
may be ground or crushed for treatment, or disposed off-site. The soil is conveyed to the 
desorber system feed hopper with screw augers, conveyors, or loaders. 
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Figure 9. Schematic of the Thermal Desorption Process 
There are several specific technologies that thermally desorb organic compounds from 
contaminated soils. The process variations can be classified based on whether they use direct 
or indirect methods of heating the soil. 
Directly heated systems use a fuel burner to produce heat, either within or external to 
the soil heating chamber. The heated burner exhaust directly contacts the contaminated soil 
in the desorber. These systems often resemble rotary kilns. They typically operate at 
temperatures of less than 8000 P (427°C). The soil and the heated burner exhaust pass 
through an inclined rotating drum. Volatile constituents (including water) are driven from 
the soil. The carrier gas may pass through the rotary dryer in the same direction as the soil, 
but generally gas flow is counter-current to the soil. 
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Indirectly heated processes convey heat to the contaminated soil through metal 
surfaces. A typical configuration employs hollow screw augers rotating in a jacketed 
chamber. The contaminated soil is conveyed through the treatment chamber by the rotating 
screws. Hot oil is passed through the inside of the screws and the jacket surrounding the 
treatment chamber to heat the soil and volatilize the contaminants. This type of heating 
system generally employs lower carrier gas volumes than systems that rely on direct contact 
of heated gas with the soil. This can result in a more concentrated off-gas stream, which 
may facilitate recovery of the contaminants. These types of systems may 3.Iso be operated at 
a slight negative pressure, which eliminates uncontrolled emissions. 
The exhaust gases from thermal desorption are typically processed to remove 
particulates. Depending on the loading of organic constituents and air quality emission 
regulations, treatment for voe removal may be included. The constituents in the off-gases 
may be combusted in an after burner, condensed, or adsorbed on activated carbon. 
If an inert carrier gas such as nitrogen is used, incidental combustion of contaminants 
is minimized. The volatile constituents and water vapor are removed from the carrier gas 
stream in a scrubber or condenser. The carrier is then reheated and recycled through the 
dryer. Condensed water and contaminants are treated andlor disposed directly. 
The final moisture content of the treated soil is typically less than one percent. This 
can create significant dust problems during handling of the soil after treatment. If off-gas 
condensation and wastewater treatment are incorporated in the process, it may be possible to 
use treated wastewater for dust control and adjust the moisture content of the treated soil 
prior to its disposal. 
Confirmatory testing is required to demonstrate that the treated soil meets cleanup 
objectives. Once the soil is demonstrated to be clean, it may be used for fill or disposed in a 
landfill. Generally, the treated soil can be returned to the site excavation if it remains open. 
A special application of thermal treatment is provided by hot mix asphalt plants. Hot 
mix asphalt plants blend gravel, sand, and mineral filler with liquid asphalt to produce 
asphalt paving material (asphalt mix). Integral to the process is a moisture removal and 
blending step for the aggregate, which is typically conducted in a rotary drier. In treating 
petroleum contaminated soils, a hot mix asphalt plant will incorporate small quantities of 
contaminated soil into the clean aggregate. The petroleum constituents are thermally 
desorbed in the rotary drier, which typically operates at temperatures from 500 - 800 0 P 
(about 260 to about 425°C). The volatilized contaminants may be partially combusted in the 
drier, but are mostly emitted in the drier off-gas. Constituents not removed from the treated 
soil are expected to be incorporated in the asphalt mix. However, the authors are unaware 
of any studies to establish the fate of contaminants incorporated into asphalt paving materials. 
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5.1.3 Incineration 
Very high temperatures above 1,600oP (871°C) are employed in incinerators. The 
contaminants are volatilized and combusted with oxygen. Incinerators are able to achieve, 
and often exceed, the very high destruction and removal efficiencies (DRE) necessary for the 
treatment of hazardous wastes (Le., a DRE of ~99.99%). They generally employ primary 
and secondary combustion units to achieve these efficiencies. 
The three most common configurations for incinerators are rotary kilns, infrared 
units, and circulating fluidized bed incinerators. Rotary kilns are inclined rotating cylinders 
lined with a refractory material. The waste or soil to be treated is fed into the high end of 
the cylinder. As the cylinder rotates, the soils tumble down its length through the 
combustion zone where organic material is oxidized. Flue gases and inert ash leave the 
cylinder at the low end. The gas is routed to gas cleaning equipment and the ash is 
quenched and ejected. 
Infrared incinerators are also known as infrared conveyor furnaces. They use silicone 
carbide elements to produce thermal radiation. The medium to be treated passes through the 
unit on a conveyor belt. Contaminants are volatilized from the soil. The off-gasses are 
treated in a secondary thermal treatment unit. 
Circulating fluidized bed incinerators consist of a refractory-lined vessel containing an 
inert, sand-like material. Combustion air is forced through the bed material, suspending it. 
Lower combustion temperatures are used because the agitation of the fluidized bed aids 
complete combustion of the contaminants. 
5.2 Design Parameters 
Almost exclusively, the thermal treatment of soils contaminated by releases from 
LUSTs employs prefabricated equipment leased or provided as a contracted service by a 
commercial vendor. The thermal treatment unit is transported to the site and within a few 
days is erected and ready to accept soil from the site. Under these circumstances, "design" 
factors relate to characteristics of the soil or the site that control or affect operational 
parameters, rather than equipment design. 
5.2.1 Site Characteristics 
The site characteristics affecting selection of a thermal disposal technology include the 
volume of soil to be treated, whether all of the soil requiring treatment can be excavated, 
whether the contaminants will be effectively treated by the technology, and whether sufficient 
space is available for the equipment. 
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The volume of soil to be treated is significant because, in general, larger volumes of 
soil can be treated more cost-effectively than small volumes. This is because both the capital 
cost of the equipment to the contractor and the cost to move to the site are quite high. Once 
treatment has commenced, however, the operating costs are fairly constant on a per ton 
basis. Therefore, the total cost per ton (capital plus operating cost) for treating soil drops 
significantly as the start-up costs are spread over larger volumes of soil. 
As with any above-ground technique, the ability to excavate the soU requiring 
treatment is essential to successful remediation of a site using thermal treatment technologies. 
In general, thermal treatment is relatively costly. It can be very effective, however, if the 
soil can be made available for treatment. But if site conditions (such as the presence of 
structures, utilities, roads, ground water, or rock) preclude the complete recov~ry of 
contaminated soils for treatment, the overall effectiveness of the remediation is diminished. 
The specific contaminants present must be identified and quantified. Since different 
thermal treatment systems operat~ at different temperatures, they have different levels of 
effectiveness at removing semi-volatile constituents. The constituents of gasoline have 
sufficiently low boiling points that they are effectively volatilized by most commercial 
systems, which generally operate at temperatures above 3000 P (about 150°C). Treatment 
becomes less effective as the mean boiling temperature of the product increases (as, for 
example, with No.6 fuel oil). 
A major potential constraint to on-site treatment is that sufficient space be available 
for the thermal treatment unit, ancillary air or water treatment equipment, and control units. 
Space must also be available for stockpiles and staging of both treated soil and soil awaiting 
treatment. Typical thermal desorber systems are mounted on semi-trailers. They consist of 
three components: the desorber unit, the particulate control unit, and the gas treatment unit. 
Space requirements are typically less than 50 feet by 150 feet, exclusive of soil handling 
areas. 
In some cases it may be possible to consolidate soils from more than one site at a 
central treatment area. This enables a larger volume of soil to be treated, thereby improving 
the treatment economics. It also enables thermal treatment to be employed in the cleanup of 
smaller sites, which would not readily accommodate the treatment units and soil staging 
areas. This could be achieved with lower transportation costs than sending the soil to a 
regional treatment center. 
A recent file search revealed one case approved by the IEPA in Illinois, where soil 
from one LUST site is being transported to another nearby LUST site. Both sites are in the 
same county and are owned by the same responsible party. Following treatment, the soil 
will be disposed in the original excavations. This approach might be cost-effective in other 
cases where owners of multiple sites in an area (for example, many of the major oil 
companies) also have control of a site with sufficient space to serve as an in-house treatment 
center (for example, a distribution terminal). 
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5.2.2 Soil Characteristics 
A number of physical and chemical characteristics of the soil being treated have an 
impact on the effectiveness of thermal desorption treatment. Important physical properties 
are the soil texture, which includes the clay content and the presence of rock fragments, 
cobbles, hardpan, or till; and the moisture content. Important chemical properties include 
the contaminants present, the soil pH, and the presence of lead, mercury or arsenic in the 
soil. 
A high clay content in the soil to be treated can cause dust (fugitive emissions) 
problems when handling treated soils, and imposes excessive loading on air cleaning 
equipment. Tightly aggregated soil, hardpan in the soil, or the presence of rock fragments 
or till can cause poor volatilization, materials handling problems, and caking of the soil in 
the desorber. 
A high moisture content wastes energy and may decrease the effectiveness of the 
treatment. Water is vaporized in the desorber as well as the volatile contaminants. This 
uses substantial amounts of the heat energy that would preferably be used to volatilize 
contaminants. This can increase energy consumption, decrease the completeness of the 
treatment, or both. 
The soil pH can have an adverse, corrosive effect on the equipment if it is too 
extreme in either direction. Soil pH values of <5 or > 11 could result in serious 
degradation of system components. 
The presence of mercury or arsenic in the soil is generally not a problem at petroleum 
LUST sites. However, at hazardous waste sites these elements may be present in excessive 
quantities in the soil. In addition, the soil at older sites where leaded gasoline was formerly 
stored may be contaminated with lead. These elements have boiling points sufficiently low 
that they may be volatilized in thermal treatment units, thus creating a potential air emission 
hazard. 
The characteristics of the contaminants present in the soil are important to 
determining whether the soil will be effectively remediated. In general, gasoline constituents 
are readily volatilized from soil in thermal desorbers. Heavier fuels are progressively less 
effectively treated. However, there are thermal treatment units that operate a temperatures of 
about 800 0 P (about 425°C) that have been effectively used in the treatment of soils 
containing PAHs and PCBs. Complete identification of the contaminants of concern is 
important to selecting the proper operating configuration and temperature. 
In addition, high concentrations of contaminants can have an adverse impact on 
treatment effectiveness. Soils with Total Petroleum Hydrocarbon (TPH) concentrations of 
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more than 10,000 ppm may be incompletely treated and require multiple treatment to achieve 
cleanup goals. 
Similar concerns apply to soils that are to be treated off-site at a hot mix asphalt 
plant. In addition, too much clay, too much organic matter, or too many gravel or rock 
fragments in the soil will decrease the quality of the asphalt mix product. Textural analysis, 
as well as organic matter and waste characterization data may be required by the plant before 
the soil will be accepted. . 
5.3 Costs 
A wide range of treatment costs has been reported for thermal treatment systems. 
This is due in part to the differences between treatment technologies. The equipment used 
for incineration, where high destruction efficiencies are required, is much more expensive to 
purchase, construct, and operate than thermal desorption equipment used to remove gasoline 
constituents from soil. In addition, the cost associated with off-gas treatment can be 
significant. Systems equipped for treatment of hazardous wastes generally include air 
cleaning components that add significantly to both the capital cost of the equipment and the 
system's operating costs. Treatment systems for gasoline-contaminated soils may have much 
less complex and expensive air treatment components. 
Differences in the contaminants being treated are also significant. Light, volatile 
contaminants such as the gasoline constituents benzene and toluene are relatively easy to 
desorb from soil, compared with heavy fuel (e.g., diesel, fuel oil) constituents with high 
molecular weights and low vapor pressures. As a general rule, the heavy fuel contaminants 
will require higher temperatures, longer treatment times, or both, to achieve the same degree 
of removal. This translates directly into higher operating costs for the heavy fuels. 
The volume of soil being treated is also an important variable in determining 
treatment cost. In general, thermal desorption and incineration treatment systems become 
more cost effective as larger volumes of soil are treated (i.e., the cost per ton decreases as 
the number of tons increases). This is because the initial costs for transport and setup of the 
equipment are basically the same whether large or small volumes of soil are being treated. 
When large volumes are being treated, these fixed costs are spread over more tons of soil 
and the cost per ton drops. 
Available cost data are presented for thermal desorption, incineration, and hot mix 
asphalt plants in the following paragraphs. 
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5.3.1	 Thermal Desorption 
The costs of treating petroleum contaminated soils with thermal desorbers are reported 
to range from as little as $74/too to as high as $184/too, depending on the system 
configuration and the volume of soil being treated (U.S. EPA, 1992). For a recent case in 
Illinois, the cost quoted for a subcontract thermal treatment service to treat 1561 tons of 
gasoline contaminated soils was $65Iton. However, this cost did not include the costs 
associated with materials handling, transportation, or testing; engineering and professional 
oversight; or post-treatment confirmation testing and reporting. When these costs are added, 
the total cost of completing the corrective action was just over $loo/ton. This compared to 
an estimated cost for excavation and landfill disposal of about $87/too (IEPA, unpublished 
file data). 
5.3.2	 Incineration 
Incinerators have higher capital costs and are more expensive to operate than low 
temperature systems. Factors contributing to the high cost of incineration include: 
•	 the high removal efficiencies required, which necessitate high operating 
temperatures and may result in the use of enhanced combustion techniques or 
after burners; 
•	 the higher operating temperatures, which require more rugged equipment and 
use more energy; and 
•	 the more sophisticated stack gas cleaning equipment necessary for the 
treatment of the combustion gases. 
Pre-treatment materials handling costs for hazardous waste may also be much greater 
than for petroleum-contaminated soil. 
As with thermal desorption, the effect of site size (i.e., the volume of material to be 
treated) has a major impact on the unit cost of treatment. In general, larger sites are treated 
more economically than small sites. Data presented by the U.S. EPA (1991a) indicate that 
treatment costs at a large site with more than 30,000 tons of material to treat, can run from 
about $2oo/ton to about $500/ton. This is very much larger than the typical gasoline station 
LUST site, however. Small sites, with less than 5,000 tons of waste to treat, can cost as 
much as $5OO/ton to $1,5OO/ton (U.S. EPA, 1991a). 
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5.3.3 Hot Mix Asphalt Plants 
The cost of disposal at a hot mix asphalt plant depends on the factors discussed 
above. In addition, costs of transportation must be factored into the total cost. Reported 
treatment costs range from $50 to $100 per ton of petroleum contaminated soil (U.S. EPA, 
1992). 
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SECTION 6
 
OTHER TECHNOLOGIES
 
The technologies discussed in the preceding sections are technologies that are in use 
in Illinois for the remediation of sites contaminated with petroleum hydrocarbons and other 
organic chemicals. With the exception of high temperature incineration, they have been used 
in the cleanup of soils contaminated with petroleum hydrocarbons at LUST sites. High 
temperature incineration has been selected for the cleanup of several supeifund and industrial 
waste sites in Illinois. 
The Illinois EPA LUST section considers the technologies other than excavation and 
disposal to a landfill to be alternative technologies. If reimbursement of cleanup costs is 
sought from the Illinois UST Fund, these technologies can be employed only with the prior 
approval of the IEPA. Before granting such approval, the IEPA must be convinced that the 
alternative technology to be employed will be effective and will cost less or not significantly 
more than conventional landfill disposal. 
Additional remediation approaches are being developed by industry with the support 
of the U.S. Environmental Protection Agency. Most of the drive for developing these 
innovative or emerging technologies comes from the national effort to clean uncontrolled 
hazardous waste sites under the federal Superfund program. These sites are often 
contaminated with substances that are very difficult to remove, treat, detoxify, and/or 
dispose. 
With the exception of high temperature incineration, the technologies discussed in the 
preceding sections are technologies that have been approved by the IEPA Alternative 
Technologies Assessment Group (ATAG) for use at one or more LUST sites in the state (see 
Section 1.0). In this section, the following emerging technologies are described: 
• soil washing; 
in-situ soil flushing; • 
solvent extraction; • 
dechlorination; and • 
• in-situ vitrification. 
Soil washing, solvent extraction, and dechlorination are above-ground processes for 
remediating contaminated soils. Before they can be used, the contaminated soil must be 
excavated from the site. The treatment can take place on-site, or the soils can be transported 
to another location for treatment. 
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Site constraints may place practical limits on the potential for successful application of 
soil washing, solvent extraction, or dechlorination technology. The contaminated soil must 
be accessible for excavation. A shallow water table, buildings, overhead power lines, or 
underground utilities may limit the potential for excavating all of the soil requiring 
remediation. 
Space requirements may also limit the on-site use of these technologies. Adequate 
space is required for treatment equipment and for stockpiles both of excavated soil awaiting 
treatment and cleaned soil awaiting final disposal. If the cleaned soil is to be returned to the 
excavation, then that excavation also takes up space during remediation process. 
In-situ soil flushing and in-situ vitrification are remediation technologies that are 
applied to the in-place soil. No excavation is required, so space requirements are typically 
less than for the other emerging technologies. In some cases, in-situ soil flushing can be 
applied to soils containing buried utilities or underlying buildings. In-situ vitrification, 
however, would destroy any utilities passing through, or buildings lying above, the soil being 
treated. 
As of this writing, none of these emerging technologies has been fully approved and 
implemented at an Illinois LUST site. One in-situ soil flushing project was tentatively 
approved for pilot scale testing at one LUST site. 
Soil washing and the other emerging technologies have been selected for use in 
remediating other types of sites, such as Superfund andlor RCRA hazardous waste sites. A 
few of these are in Illinois; several are in other states. Most of these projects are in the 
treatability study, pilot scale demonstration, or design phase. No Illinois projects have 
progressed to completion of the design phase. A few projects in other states have progressed 
to construction of full scale systems. 
6.1 Soil Washing 
6.1.1 Description of Technology 
Soil washing is an above-ground pretreatment technology used to separate 
contaminants from excavated soils and to reduce the volume of soil requiring final treatment 
or disposal. The technology relies on the fact that contaminants tend to be preferentially 
associated with organic matter and fine-grained soil particles (Le., silt and clay). Volume 
reduction is achieved by cleaning the coarser-grained soil materials and concentrating the 
contaminants in the finer-grained materials and washing fluids. The cleaned coarse fraction 
can then be returned to the excavation or disposed relatively inexpensively. The concentrated 
contaminants in the fine fraction and wash fluids are treated and disposed using any of the 
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other various treatment methods described in this document. Because a much smaller 
volume of material requires treatment, the final treatment can be more cost-effective. 
Soil washing can be effective for treating soils contaminated with a variety of organic 
or inorganic chemicals. Developmental studies indicated good to excellent applicability of 
the process for removal of volatile organic compounds and metals from sandy and gravelly 
soils. It is less likely to be effective with silt or clay soils (U.S. EPA, 19~1a). 
At present, soil washing is being included as a pretreatment step in the remedy at 
several Superfund sites, where it is being applied to soils contaminated with lead, copper, 
chromium, arsenic, mercury, silver, creosote, pesticides, volatile and semi-volatile organic 
compounds, and dioxins. For LUST sites, the technology can be used to clean- soils of 
petroleum hydrocarbons. It may also be worthy of consideration for remediation of sites 
with significant lead contamination resulting from releases of leaded fuel. Lead is not easily 
removed from soil by other treatment means (with the possible exception of volatilization in 
high temperature incinerators, which is usually a side effect rather than an objective of the 
incineration). Soil washing may be an effective means of reducing the volume of lead­
contaminated soil requiring landfill disposal or another form of treatment. 
Soil washing is typically implemented by contracting one of several vendors for the 
work. A variety of processes have been developed (and patented) by these vendors. The 
different systems employ different equipment configurations and in some cases may be aimed 
at specific contaminants. Soil washing has been used extensively in Europe where numerous 
vendors offer soil washing services. But the technique has had limited use in this country 
(U.S. EPA, 1991a). 
Figure 10 depicts a typical soil washing process. Following excavation, the soil is 
screened to separate coarse debris Qarger than about 2 inches) such as rocks and roots. The 
remaining soil may be made pumpable by the addition of water. 
In the scrubbing unit, a water-based washing solution is used to separate soluble 
contaminants and fine particles from coarser soil materials. Surficial contamination is 
removed from the coarse fractions (gravel, sand, coarse silt) by solution and by the energetic 
abrasive scouring action maintained in the unit. The scrubbing action also disintegrates soil 
clumps, freeing contaminated fine particles from the larger grains. Dissolution of 
contaminants can be enhanced with chemical additives. For example, acidic wash solutions 
may be used to solubilize lead, or other metals derived from waste oil. Surfactants (surface­
active agents such as detergents) or foaming agents may be added. Many of the vendors 
providing soil washing services consider their extraction agents proprietary. 
Following washing the soil slurry undergoes a separation step in which water, cleaned 
coarse material, and contaminated fines are segregated. Suspended fines may be flocculated 
and separated by gravity means, or may be removed in a vacuum futer press. The clean soil 
is returned to the excavation. The scrubbing solutions are typically at least partially 
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Figure 10. Schematic of the Soil Washing Process 
recycled. Non-recycled wash solutions are treated using conventional wastewater treatment 
technologies. The residuals from wastewater treatment (e.g., spent exchange resins, spent 
carbon, or biological treatment sludges) may be combined with the contaminated fines and 
sent for treatment or disposal (U.S. EPA, 1991a). 
Air emissions can be controlled throughout the process. Volatiles can be collected 
from the soil handling and washing units and treated. Typical air treatment processes include 
activated carbon adsorption or catalytic or thermal oxidation. Direct discharge to the 
atmosphere without treatment is permitted in many parts of Illinois where air emission rates 
of up to 8 pounds of VOCs per hour are allowed. Stricter limits on emission rates apply in 
ozone non-attainment areas (see Sectiort 7.0) 
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6.1.2 Design Parameters 
As with all soil remediation techniques, design factors for soil washing relate as much 
to the characteristics of the specific site, the soil to be remediated, and the contaminants 
present as to the technology. Individual soil washing systems are typically not designed and 
constructed for specific sites. Rather, vendors provide on-site staging of prefabricated 
package units, typically mounted on flat-bed truck trailers. As a practical matter, the 
selection of a particular vendor often has been as much a function of expediency and price as 
technical suitability or effectiveness. 
The key physical factors of the soil influencing the potential success of soil washing at 
a site are the particle size distribution and organic matter content of the soil. Coarse soils 
with low organic matter contents are very amenable to soil washing. Most of the 
contamination can be scrubbed from the soil particles and removed in the wash water, and 
the fine grained soil fraction that remains represents a small percentage of the total soil 
volume. Fine grained soils, however, are much less amenable to soil washing. The volume 
reduction achieved is small and the fine fraction remains contaminated and requires further 
treatment or secure disposal. 
The site must be accessible by road and must have sufficient space to set up the soil 
washing units and for stockpiles of feed soil and treated soil. If all or part of the soil is to 
be returned to the excavation, sufficient storage must be provided until analytical data can be 
obtained that demonstrate that cleanup objectives have been met. Contaminated fines and 
sludges resulting from the treatment may require further treatment. If another on-site 
technology (for example, incineration) is to be used this adds to the space requirements. 
Typically, these spaces are unavailable at retail gasoline stations. A 20 ton/hour mobile soil 
washing system may take up as much as 4 acres when fully deployed (U.S. EPA, 1991). 
Utilities required to operate a soil washing system include water, electricity, steam 
and compressed air. All of these can be transported to~ or produced on, the site if 
necessary. However, operations are simplified and costs reduced if public electrical and 
water services are available on-site. Water consumption can be very high. Even assuming 
water cleanup and recirculation, it has been estimated the net consumed quantity of local 
water required for a soil washing operating can range from 130,000 to 800,000 gallons per 
1,000 cubic yards (1,250 tons) of soil (about 0.05 to 0.3 gallons per pound). 
6.1.3 Costs 
Vendor supplied costs for soil washing range from $50 to $205 per ton of feed soil, 
depending on the soil characteristics, the contaminants present, and the wash solution 
additives employed. Some wash water additives may enhance the cleaning effectiveness, but 
add to the cost of treatment and disposal of the process residuals. The upper end of this cost 
range includes the cost of disposal of the contaminated soil residue (U.S. EPA, 1991a). 
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6.2 In-Situ Soil Flushing 
6.2.1 Description of Technology 
In-situ soil flushing was selected as the cleanup approach for use at one Illinois LUST 
site in the Chicago area. According to information in the illPA LUST section files, the 
IEPA approved the project as far as conducting pilot tests at the site. The,pilot test was 
carried out, but the project was terminated because the owner/operator maintained that the 
pilot test had resulted in the complete remediation of the site. 
The soil flushing process, shown in Figure 11, involves extracting contaminants from 
the in-situ soil with water or other aqueous washing solutions. The flushing fluid is a water­
based extracting solution. It is generally made up, at least in part, of recycled ground water 
from the recovery and treatment portion of the system (U.S. EPA, 1991c). 
Water alone may be effective in removing soluble contaminants. Otherwise, 
surfactants, chelating agents such as ethylene-diamine tetra-acetic acid (EDTA), reducing 
agents such as hydroxylamine hydrochloride, or pH adjustment may be used to enhance the 
uptake of the contaminants in the flushing solution. The composition of the flushing solution 
depends on the contaminants targeted for recovery. 
The extraction solution is applied to the soils by infiltration or injection. Infiltration 
systems can employ spray irrigation, flooding of the ground surface, or the use of infiltration 
galleries or laterals. Injection is through vertical injection wells. 
After being applied, the flushing fluid percolates downward through the contaminated 
soil. Contaminants are mobilized through dissolution, formation of emulsions, or by 
chemical reaction with the flushing fluid additives. The resulting leachate continues to 
percolate downward until reaching the water table, where it mixes with the ground water. 
The leachate and ground water flow down-gradient to the withdrawal (extraction) 
point. Extraction of the contaminated ground water and flushing fluids is via conventional 
extraction wells or recovery trenches. The flushing fluid application and ground water 
recovery systems are the most critical parts of the operation. Their proper design is key to 
ensuring complete recovery of the contaminants. 
The pumping rate from the extraction well system is dependent on the characteristics 
of the site. The withdrawal rate exceeds the flushing fluid application rate, since 
uncontaminated ground water is captured in the recovery system wells along with the 
leachate plume. The amount of pumping and the degree of water table depression needed to 
maintain hydraulic control of the system and ensure complete recovery of the contaminants 
and flushing fluid chemicals depends on the extraction fluid application rate, the natural 
infiltration rate of the soils, and the ground water hydrologic conditions. 
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Figure 11. Schematic of the In-Situ Soil Flushing Process 
Recovered leachate and ground water are treated to remove contaminants using 
conventional water treatment technologies. Volatile organic compounds are typically 
removed with air stripping or adsorption on activated carbon. Treated water is recycled to 
the extent possible. However, the extraction rate generally exceeds the application rate, so 
some discharge or disposal of treated water is to be expected. 
6.2.2 Design Parameters 
The key factors in the design of an in-situ soil flushing system are the soil 
permeability and the geohydrology of the site. The soil permeability determines the 
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infiltration rate of the flushing fluid through the contaminated soil, which in tum influence 
the treatment time and the efficiency of contaminant removal. In-situ soil flushing is 
considered likely to be effective in soils with hydraulic conductivities of > 1 x 10-3 em/sec. 
Soils with hydraulic conductivities of S; 1 x HiS em/sec are considered to be poorly suited to 
soil flushing, since the low permeability will result in a very long remediation time. Soils 
with hydraulic conductivities between these two values may be suited to soil flushing, 
depending on the contaminants present, their concentrations, the volume of soil to be treated, 
and other factors as discussed below (U.S. EPA, 1991c). . 
The permeability (hydraulic conductivity) of soils is related to the soil structure and 
composition. Other aspects of the soil also influence the effectiveness of soil flushing. The 
organic matter and clay content will ip.fluence the degree to which contaminants are sorbed to 
soil particles. High clay and organic matter contents result in lower hydraulic conductivities 
and greater tendencies for contaminants to sorb tightly to the soil. Thus, when the clay and 
organic matter content is high, it may be difficult to achieve cleanup goals in a reasonable 
time, if at all. 
Soil structure also influences the macro flow patterns of the flushing fluids in the soil 
mass, possibly channeling flow around, or blocking flow to, some areas of contamination. 
The distribution of clay, organic matter, layering or foliation, sand lenses, and other 
stratigraphic and compositional variations across the site must be understood in order to 
assess the potential for achieving effective cleanup of the site. 
As discussed in Section 4, certain chemical characteristics influence the environmental 
mobility of the contaminants and the ease with which they can be removed from the soil by 
an extracting fluid (whether air, water or an organic solvent). In general, organic chemicals 
with lower molecular weights, higher water solubilities, and lower sorption coefficients are 
best suited to this type of removal. Thus, the relatively light aliphatic and aromatic 
hydrocarbons of which gasoline is composed are in general better suited to removal than 
polynuclear aromatic hydrocarbons and the complex long chain hydrocarbons composing 
middle and heavy distillate fuels and oils. Alcohols, phenols, and carboxylic acids are also 
relatively easy to remove by flushing with water alone. 
The one pilot soil flushing project in the Chicago area was particularly well suited to 
this technology since the contaminated substrate consisted of a well-sorted, medium-grained 
beach sand deposit, underlain by glacial till deposits of silt and clay. Thus, it was relatively 
easy to establish and maintain hydraulic control of the system. The contaminants of concern 
at the site were benzene and total BETX, since the substance released from the LUST was 
gasoline. The flushing fluid consisted of water alone. However, in order to enhance the 
recovery of petroleum hydrocarbons from the soil, the water was heated to approximately 
1400 P before being applied to the site. It was projected that approximately 9 months would 
be required to complete the cleanup of approximately 3,600 yd3 of contaminated soil at the 
site (IEPA, 1992). 
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Bench and pilot scale treatability studies are generally necessary to establish design 
parameters for in-situ soil flushing. The tests must be designed to establish that the site 
hydrologic conditions will enable remediation within the cost and time constraints of the 
owner/operator and the other requirements of the regulatory agency. 
A complete characterization of the contaminants present, the chemical and physical 
characteristics of the soil, and the hydrogeology of the site must be accomplished. Achieving 
control of the subsurface hydrologic system is essential to successful, cost-effective use of in­
situ soil flushing. The use of slurry walls or other containment structures may be needed 
along with hydraulic controls (e.g., the number and placement of injection wells and 
recovery wells) to ensure that the flushing fluids and contaminants are completely recovered. 
The ground water studies should include monitoring, aquifer testing, and infiltration tests to 
establish seasonal fluctuations in ground water levels; direction(s) of ground water flow; 
porosity; horizontal and vertical hydraulic conductivities; and data on infiltration, rainfall, 
evaporation, and percolation. Column leaching tests can be used to identify any needed 
flushing additives and to determine the effectiveness of the flushing fluids in removing the 
contaminants of concern from the soils present at the site. 
Biological fouling may be a problem in infiltration and recovery systems where the 
ground water is naturally high in iron. Biofouling problems can also occur if biodegradable 
reagents are used as additives in the flushing fluid. While these additives may enhance the 
removal of the contaminants, they may also interfere with or complicate the downstream 
wastewater treatment processes. Costs associated with additives, and with their management 
in the system, must be weighed against the enhancement in removal achieved through their 
use. 
6.2.3 Costs 
Cost data for completed LUST or other site cleanups are not available for this 
technology. The project proposed for a site in the Chicago area projected costs of $331,540 
to clean 3,600 yd3 , or approximately $92/yd3• This represents the total cost of the project 
pro...rated against the total quantity of contaminated soil estimated to be present at the site. 
However, the total project cost includes the concurrent remediation of ground water at the 
site, as well as remediation of the contaminated soil (IEPA, 1992). 
Costs for conventional cleanup of the site (Le., excavation and landfill disposal of 
contaminated soils, pumping and treating of contaminated ground water) included provision 
for recovery, treatment and discharge of up to 45,000 gallons of contaminated water. 
Conventional cleanup methods at this site were cost-prohibitive mainly due to the cost and 
loss of property value associated with the need to demolish a structure in order to accomplish 
excavation and removal (IEPA, 1992). 
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6.3 Solvent Extraction 
6.3.1 Description of Technology 
Solvent extraction technology is very similar to soil washing. However, organic 
solvents, rather than aqueous wash solutions, are used to remove the organic contaminants 
from the soil. Typical solvents employed include liquified gas (propane and/or butane) and 
triethylamine. Other solvent formulations are proprietary (U.S. EPA, 1991a). 
Solvent extraction is effective in treating soils contaminated with VOCs, PCB oils, 
and chlorinated solvents. Its use on soils contaminated with PCBs and PCB-containing oil 
has been demonstrated in federal superfund and ReRA site cleanup projects (U.S. EPA, 
1991a). However, this technology has not been used for the remediation of any Illinois 
LUST sites. 
The process begins with excavation and screening of the soil. Water may be added to 
form a pumpable slurry. The prepared soil is then introduced with solvent into the extractor 
where the contaminants dissolve in the solvent. Water and clean soil leave the extractor. 
The soil and water generally contain traces of the solvent. However, the solvents used 
generally are easily volatilized or biodegraded, leaving dry treated soil. The aqueous 
fraction may require treatment before discharge. The contaminant-laden solvent is 
transferred from the extractor to a separator. The temperature and pressure are adjusted in 
the separator to separate the contaminants and the solvent. The solvent is recycled. The 
concentrated contaminants may be recyclable, or may require further treatment. 
6.3.2 Design Parameters 
Solvent extraction units are transported on flat-bed semi trailers. Once set up, their 
space requirements are typically on the order of several thousand square feet, not counting 
soil stockpiles. The constraints on soil washing regarding site and soil characteristics 
generally apply to solvent extraction as well. That is, fine grained soils and soils high in 
organic matter content are treated somewhat less effectively than sandy soils. 
The types of chemicals that can be extracted, and the effectiveness of the extraction, 
depends on the pollutants present and the solvent used. In general, solvent extraction is most 
effective on light and middle distillate fuel constituents, and least effective on very high 
molecular weight organics. It has been used successfully (at least in demonstration-scale 
applications) in the treatment of soils and wastes contaminated with volatile organic 
compounds, semi-volatile organics, PCBs, chlorinated organic solvents, pesticides, and 
petroleum refinery oily wastes. However, successful application at one site or in a 
demonstration program does not ensure that the process will be successful or meet the same 
efficiencies at all sites (U.S. EPA, 1991a). 
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Treatability tests are generally needed to identify the most effective solvent or 
combination of solvents for a particular soil and set of contaminants. Treatability studies are 
used to define appropriate solvent blends, pretreatment or conditioning steps, treatment 
times, and requirements for treatment and disposal of the process residuals (waste water and 
concentrated contaminants). Waste waters may be treated biologically on-site, with discharge 
of the treated water, may be discharged to a Publicly-Owned Treatment Works (pOTW), or 
may be collected and transported to a commercial treatment facility. In someca$es, 
recovered contaminants may be recycled. For some soils or high concentrations of 
contaminants, multiple cycles of extraction may be necessary to achieve cleanup objectives. 
Solvent extraction units are transported on tractor trailers, so the site must be 
accessible by road. Standard 440V electrical service and water must be available at the site. 
The water requirement is dependent on the specific vendor and site. A typical commercial 
unit processing 50 - 70 tons per day requires a setup area of less than 1/4 acre (U.S. EPA, 
1991a). 
6.3.3 Costs 
The most significant factors affecting the cost of solvent extraction are the volume of 
soil to be treated, the number of extraction cycles needed to achieve cleanup goals, and local 
operating cost factors such as labor, maintenance, decontamination, mobilization and 
demobilization, and weather or equipment operating delays. Cost estimates for commercially 
available solvent extraction units range from $100 to $500 per ton of soil (U.S. EPA, 
1991a). 
6.4 Chemical Dechlorination 
6.4.1 Description of Technology 
Dechlorination is an above-ground chemical process for removing chlorine from 
chlorinated organic chemicals such as solvents, pesticides and PCBs. Dechlorination reduces 
the toxicity of the chemicals and may make it easier to further treat, biodegrade, recycle, or 
dispose of the contaminants. Dechlorination is not applicable to non~chlorinated volatile 
organic compounds. It is therefore not often applicable to LUST sites, where the chemicals 
most frequently released are non~chlorinated petroleum hydrocarbons. However, PCBs were 
formerly a constituent of transformer oils and there have been instances where PCBs have 
been found in waste oils. Therefore, there may be occasions where dechlorination may be a 
technology worth considering. 
Two chemical processes have been developed for dechlorination. The older, which 
has been demonstrated at several hazardous waste and petroleum refinery sites, employs an 
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alkaline metal hydroxide/polyethylene glycol (APEG) reagent. The most commonly used 
metal hydroxide used in the process is potassium hydroxide (KOH). In conjunction with 
polyethylene glycol (pEG), KOH forms a polymeric alkoxide referred to as KPEG. Sodium 
hydroxide (NaOH) and tetraethylene glycol (rEG) have also been used. 
Recently, the U.S. EPA and the U.S. Navy have cooperatively developed and 
demonstrated a dechlorination technology referred to as Base-Catalyzed Dechlorip.ation 
(BCD). This process is patented by the EPA, and is being licensed for commercial use. At 
this time, however, no commercial applications have been implemented. BCD is expected to 
be less expensive than APEG technologies because it does not employ a glycol reagent, 
which is significantly more expensive than the reagent used in the BCD process. 
The general dechlorination process is shown in Figure 12. As with most ex-situ 
processes, the initial steps are excavation, stockpiling, and pretreatment of the soil. 
Pretreatment consists of screening to remove large debris. 
The soil and dechlorination reagents are mixed in the reactor. Thorough mixing is 
essential to achieve effective treatment. The mixture is heated to between 100 and ISO°C 
(212 and 356°P) for 1 to 5 hours, depending on the type, quantity, and concentration of 
contaminants. 
During the treatment reaction, water is vaporized, collected, condensed, and 
accumulated for treatment or cycling to the washing step. Air emissions are treated to 
collect volatile compounds not condensed in the water collection system. The treated soil is 
transferred from the reactor to a separator where the reaction reagent is separated and 
recycled. The alkaline treated soil is washed and neutralized by addition of acid in the 
washer, then dewatered for disposal. 
Three main residual streams are generated: treated soil, wash water, and possible air 
emissions. The treated soil must be tested to ensure that cleanup objectives have been met, 
and may require additional pH adjustment before disposal. The wash water generally 
contains only traces of reagents and contaminants and can be discharged to a sanitary sewer 
or to a receiving stream, or recycled. 
6.4.2 Design Parameters 
As with other innovative technologies, treatability tests are normally conducted to 
establish the optimum reagent composition, reaction temperature, and reaction time (reactor 
residence time). These operating parameters are influenced by the type of contaminant being 
treated; the initial and final desired concentration of the contaminants; the soil texture (Le., 
the clay and organic matter content); the soil pH, and the soil moisture content. The ability 
to recover and recycle reagents in the process is essential to cost effective operation. 
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Figure 12. Schematic of the Chemical Dechlorination Process 
The process is most effective in treating aromatic halides such as polychlorinated 
biphenyls PCBs) and polychlorinated phenols (PCPs), when using KPEG reagent. ATEG 
reportedly works well with halogenated aliphatic compounds such as carbon tetrachloride, 
chloroform, and dichloromethane. The presence of inorganic pollutants can interfere with 
the process. Very high concentrations of contaminants (> 5%), a high moisture content (> 
20%), a low soil pH «2), or the presence of other alkaline reactive agents (e.g., aluminum 
metal) can require excessive amounts of reagent, making the process economically 
unattractive (U.S. EPA, 1991a). 
The process units for dechlorination systems are transported on tractor trailers. Once 
set up, they typically require a space of about 1/4 acre. Additional space may be required 
for stockpiles of contaminated and treated soils. Energy is required to heat the reaction 
vessel and for volatilizing water. Standard 440 V electrical service and possibly steam 
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generation equipment is therefore required. Water is also required on-site. Water 
consumption is dependent on the process employed, the original moisture content of the soil, 
the degree of moisture recovery and recycling, and the degree of post-treatment washing 
required to remove traces of dechlorination reagents from the treated soil (U.S. EPA, 
1991a). 
6.4.3 Costs 
The costs for commercial use of APEG treatment are expected to be in the range of 
$200 to $500 per ton of soil (U.S. EPA, 1991a). 
6.5 In-Situ Vitrification 
6.5.1 Description of Technology 
In-situ vitrification (ISV) is an emerging technology that is currently not readily 
available for commercial applications. Although it is expected to be effective in the 
remediation of soils contaminated with petroleum hydrocarbons, treating such soils is 
unlikely for routine petroleum hydrocarbon release LUST sites, as long as other less 
expensive technologies are available and effective (U.S. EPA, 1991a). 
ISV is best suited for the treatment of soils contaminated with heavy metals, organic 
chemicals with very high soil sorption coefficients, or radioactive materials. These are 
contaminants that are difficult to remediate by other means. 
In-situ vitrification employs electrical power to heat and melt the contaminated soil in 
place, thereby forming a glass with very low leaching potential. The technique is 
considered well demonstrated in projects to treat soils contaminated with radioactive 
materials at nuclear weapons and research facilities. In ISV, a square pattern of electrodes is 
inserted in the ground. This is used to establish an electrical current in the soil, thereby 
heating it to between 2,900 and 3,600°F (1,600 and 2,OOO°C). This is well above the 
temperature required to vitrify the soil (Le., to tum it into a glassy material through melting) 
(U.S. EPA, 1991a). 
The vitrification zone is initiated at the surface and progresses downward and 
outward. As the vitrification zone expands, organic contaminants are destroyed by pyrolysis. 
The pyrolysis products volatilize, migrate to the surface, and combust when they reach 
oxygen. Volatile metals may vaporize and rise to the surface with the pyrolysis products. 
Off-gases are collected in a vacuum hood placed over the operation, then treated. Off-gas 
treatment may consist of wet scrubbing, fdtration, and/or activated carbon. Non-volatile 
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inorganic contaminants are incorporated into the melt. As the vitrification progresses, the 
soil volume decreases 20 to 40 percent as the soil porosity is destroyed (U.S. EPA, 1991a). 
Following the treatment, the equipment is removed, clean soil is placed over the melt, 
and the melt is allowed to slowly cool. Upon cooling, the melt forms an amorphous, glassy 
mass resembling obsidian, that is highly resistant to leaching. 
6.5.2 Design Parameters 
ISV treats a maximum area measuring 30 by 30 feet reaching a maximum depth of 30 
feet. Moreover, the maximum mass that can be treated in one setup is about 800 to 1,000 
tons. When processing a 30' x 30' area, the mass limit will be reached before the depth 
reaches 30 feet. Because of the mass limit, it is not possible to reach all three dimensional 
limits at the same time. To reach a depth of 30 feet, a smaller area (e.g., 10' x 10') must be 
treated. This means that many sites, where the soil contamination extends over larger areas, 
must be treated in numerous stages. Contaminated areas two or more times larger than the 
maximum 30' x 30' area for ISV are common at LUST sites. 
Most soils contain enough glass-forming material (silicon and aluminum oxides - i.e., 
quartz sand, clay, other aluminosilicate minerals) for this treatment to be effective. Metallic 
objects (e.g., pipes or drums) in the soil can interfere with the process by causing shorting 
between electrodes. Excessive moisture will be driven off at considerable expense of energy, 
thereby raising costs significantly (U..S. EPA, 1991a). 
ISV is not effective below the water table if the hydraulic conductivity is too high. 
At hydraulic conductivities greater than 1()4, too much water influx and/or heat loss will 
defeat the melt (U.S. EPA, 1991a). 
Battelle Memorial Institute is exclusively licensed by the U. S. Department of Energy 
(DOE) to perform ISV, through its subsidiary, Geosafe Corporation of Kirkland, 
Washington. The process has been demonstrated in tests at many sites, and has successfully 
treated soils containing radioactive wastes at the DOE site at Hanford, Washington (U.S. 
EPA, 1991a). 
6.5.3 Costs 
Cost data are unavailable. Commercial applications have yet to be introduced. 
However, treatability studies alone can cost between $35,000 and $100,000 (including 
analytical costs) (U.S. EPA, 1991a). 
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SECTION 7
 
REGULATORY AND PERMITTING REQUIREMENTS
 
The discovery of a leaking underground storage tank initiates a process of reporting 
and interaction with three state agencies: the Office of the State Fire Marshall (OSFM); the 
Illinois Emergency Management Agency (lEMA), formerly known as the Illinois Emergency 
Services and Disaster Agency (IESDA); and the Illinois Environmental Protectiot:l Agency 
(IEPA). ' 
Each of these agencies plays a different role in the process of remediating a site 
where petroleum hydrocarbons have been released to the environment from a leaking UST 
system. The lEMA serves as a clearinghouse for notifications when a release is discovered. 
The lEMA assigns an Incident Number to the release incident and forwards notification of 
the release to the ffiPA. The Incident Number is used to track the subsequent remediation 
efforts and to cross-reference correspondence, permitting, and UST Fund reimbursement files 
in the IEPA. 
The OSFM serves in a safety oversight role. The OSFM issues permits for and 
oversees tank removal operations and makes preliminary evaluations of the severity of 
releases observed during tank removals. The OSFM must also be notified in the event of 
spills and overfills. 
The IEPA is the primary agency overseeing remediation efforts once a release has 
been identified. The IEPA establishes standards and procedures for environmental cleanup; 
issues permits for disposal of contaminated soils and ground water, design and operation of 
soil and ground water treatment systems, and discharges of contaminated water and air 
emissions to surface water, ground water, or the atmosphere; disburses reimbursements for 
remediation costs from the Illinois UST Fund; and determines when remediation efforts are 
complete and when the site can be considered clean. 
The IEPA is divided into various organizational units dealing with different aspects of 
environmental protection. The primary unit with which owners/operators of LUSTs must 
interface is the LUST Section of the Division of Remediation Management. The LUST 
Section manages the response to the release and regulates the technical remediation efforts at 
the release site. However, permitting the various aspects of the remediation of a site can 
involve virtually the entire agency. Depending on the remediation technology(ies) selected, 
the Permit Sections of the Division of Land Pollution Control (DLPC), the Division of Water 
Pollution Control (DWPC), and the Division of Air Pollution Control (DAPC) may be 
involved. 
In addition, interdisciplinary committees become involved when unusual site-specific 
issues must be resolved. These committees are composed of agency staff from various 
divisions and programs selected for their technical expertise. Alternative remediation 
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approaches must be reviewed on a case-by-case basis by the Alternative Technology 
Assessment Group (ATAG). 
Requests for site-specific cleanup objectives for LUST sites are evaluated by the 
Cleanup Objectives Team (COT) and a committee for the Coordinated Review of Permit 
Applications (CROPA). In essence, the COT serves as a technical advisory team providing 
scientific recommendations for CROPA. CROPA formally adopts the alte~ative and/or site­
specific cleanup goals based on these technical recommendations and regulatory, legal, or 
agency policy considerations. If IEPA has adopted a generic cleanup objective for a 
particular contaminant, requests for site-specific alternative cleanup objectives are evaluated 
directly by CROPA. However, if there is no generic cleanup objective, the request will first 
be evaluated by COT, which will develop the scientific rationale for the proposed objectives. 
In Illinois, IEPA regulations govern remediation of LUST sites; cleanup objectives; 
surface water, ground water, and air quality; and permitting of remediation systems and 
discharges to the environment. Over time these regulations are subject to change. For 
LUST sites, the IEPA has initiated efforts to coordinate the various· air, water, and land 
permitting procedures. Environmental professionals who will perform the cleanup must be 
knowledgeable and current in regard to regulatory and permit requirements, to ensure the 
remediation complies with all mPA protocols and meets the cleanup objectives. 
7.1 Release Detection and Reporting 
Leaking USTs are generally discovered during routine tank: activities, such as 
tightness testing, tank removal, upgrading for corrosion protection or leak detection, facility 
remodelling, or property transfer. A LUST may also be uncovered by the discovery of UST 
contents in the vicinity of the site. For example, gasoline vapors may be discovered in 
nearby basements or sewers. LUSTs can also be discovered by leak detection systems, 
inventory discrepancies, or because of unusual operating conditions in the UST system. 
A detected or suspected release from an UST must be reported within 24 hours to the 
Illinois Emergency Management Agency (lEMA). Upon being reported, the IEMA issues an 
Incident Number for the release and notifies the IEPA. The lEMA Incident Number 
becomes the case number and must be retained for use in subsequent correspondence with the 
state regarding the release or any corrective actions taken at the site. Spills and overfills of 
petroleum or hazardous substances also must be reported to the lEMA and the Office of the 
State Fire Marshall (OSFM). 
Suspected releases must be investigated immediately. Upon confirming that a release 
has occurred, the Illinois Environmental Protection Agency (lEPA) must also be notified. 
The IEPA has issued standard forms for the reporting of site investigation and corrective 
action activities (see Section 7.3). No corrective action or reporting to the IEPA is required 
if the site does not have a release and there is no evidence of contamination. 
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Besides these notification requirements, the owner/operator must take immediate 
action to prevent any further release or spread of contaminants in the environment, and to 
minimize any potential fire or explosion hazard. 
7.2 OSFM Permitting and Oversight of UST Removals 
Removal of an UST, whether because a leak is suspected or for routine purposes such 
as upgrading, rebuilding, or divesting the site, requires that a permit be acquired from the 
Office of the State Fire M3!shall (OSFM), Division of Petroleum and Chemical Safety. 
Applications for the permit are obtained from the Division of Petroleum and Chemical 
Safety. A $100 permit fee must accompany the completed application. The p~rmit 
application or other written notice of the removal must be given to the OSFM at least 30 
days before work begins. Late applications are charged an additional $500 late fee. A 
representative of the OSFM must be present at the removal activity to oversee the work. 
The OSFM representative will assist in determining that a release or suspected release has 
occurred, based on observations and monitoring during the removal. 
Before the removal action is complete, the owner/operator must have a Site 
Assessment conducted to confirm the presence or absence of a release from the tank and 
piping. The assessment is accomplished through the taking of soil and/or water samples 
from the site. The methods used to measure for the presence of a release are not specified. 
They can be determined using the best professional judgement of environmental consultants. 
There are no Federal or State guidelines concerning the site assessment. The report of the 
OSFM is not considered to be a site assessment by that office.. In selecting sample types, 
locations, and methods of analysis, the type of tank, the configuration of the tank system, the 
method of removal, the substance(s) stored in the tank, the type of backfill, the depth to 
ground water, and any other factors appropriate to identifying the presence of a release 
should be taken into account. 
7.3 IEPA LUST Section Reporting and Approval of LUST Corrective Actions 
The Illinois EPA, Bureau of Land, Division of Remediation Management, Leaking 
Underground Storage Tank (LUST) Section, regulates corrective actions at LUST sites, as 
well as reimbursements from the Illinois UST Fund. A guidance manual and standardized 
corrective action reporting forms can be obtained upon request from the LUST Section. 
Within 20 days of release confirmation a 20 Day Certification form must be 
completed and submitted. This form identifies the site of the release and certifies that 
appropriate response actions have been and/or are being undertaken. 
Within 45 days of release confirmation, a 45 Day Report form is to be submitted. 
The 45 Day Report provides information on the site, the nature of the release, and the 
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responses taken and planned. A completed Corrective Action Fonn that includes a 
Groundwater Investigation Plan is to be submitted within 30 days of the 45 Day Report if 
certain conditions occur: 
•	 when corrective action is going to take longer than 45 days; 
•	 when free product is encountered; and/or 
•	 when groundwater is encountered during removal of a tank or
 
excavation of contaminated soils.
 
Professional environmental consulting firms typically provide the required site investigations, 
corrective actions, and report submittal. 
Owners/operators of LUSTs can seek reimbursement of their cleanup costs from the 
UST Fund if they meet the reimbursement eligibility requirements. Basically, the 
owner/operator is eligible to receive reimbursement if the tank was properly registered with 
the OSFM, if all required fees have been paid, and if the cleanup costs were incurred as a 
result of a release of petroleum from an underground storage tank. 
There are restrictions on the kinds of costs that are eligible for reimbursement. The 
following are significant cost categories that are not eligible for reimbursement: 
•	 costs of removal, treatment, or disposal of clean soils or groundwater; 
•	 costs incurred before notifying the lEMA of the release; 
•	 costs incurred prior to or inconsistent with an approved, IEPA­
required work plan; and 
•	 costs of an alternative remediation technology that exceed the
 
costs of conventional technology (Le., excavation and landfill
 
disposal) by 20% or more.
 
Reimbursements from the UST Fund are also subject to deductibles ranging from 
$10,000 to $100,000, depending on the dates when the tanks at the site were registered and 
the date when the release was discovered. More information regarding owner/operator 
eligibility, specific eligible and ineligible costs, deductibles, as well as the Application for 
Reimbursement from the UST Fund for Corrective Action Costs can be obtained from the 
IEPA Remedial Projects Accounting and Procurement Unit. 
It is important to note that, if reimbursement will be sought, it is essential that the 
release be reported promptly, and that written IEPA approval be obtained prior to incurring 
any corrective action costs. 
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7.4 Generic Cleanup Objectives and Confirmatory Sampling 
When a LUST release has been confirmed, soils contaminated with petroleum 
hydrocarbon constituents must be remediated to meet the IEPA soil cleanup objectives. 
These cleanup objectives are subject to change by the IEPA. Field screening of soil 
excavations is commonly accomplished with portable organic vapor monitoring instruments. 
Soil sampling is used to define the extent of contamination and to demonstrate th~t the 
cleanup objectives have been met. The sampling takes place from the walls and floor of 
excavations, and/or from borings drilled to define the areas of contamination. A minimum 
of six samples is generally required from excavations: one from each wall and two from the 
floor in the vicinity of the tank ends or the most contaminated areas, as revealed by visual 
observations and screening instrument readings. Larger excavations require additional 
sampling. In general, one wall sample should be obtained for each 20' of pit wall. 
In February, 1993, the IEPA issued revised guidance regarding sample analytical 
requirements and cleanup objectives for soils at LUST sites (IEPA, 1993). These guidelines 
rely on the use of soil testing for specific indicator chemicals to determine whether soils 
surrounding a LUST must be remediated, and to what extent. The types of products which 
the tanks contained determine which indicator chemicals are to be used, as shown in Table 5. 
The February, 1993, guidelines introduced two tiers of soil cleanup objectives. One 
more stringent set of objectives, called Type A objectives, applies to sites with the potential 
for an adverse impact on groundwater. The other less stringent set of objectives, called 
Type B objectives, applies to sites with a low potential for causing groundwater 
contamination. The criteria for determining whether a site presents a potential groundwater 
hazard are given in Table 6. If a site meets all of the criteria in Table 6 then it is considered 
to be a reduced hazard site and the Type B cleanup objectives apply. But if the site does not 
meet all of the criteria in Table 6, the site is considered to have a greater potential for 
causing groundwater contamination and the Type A soil objectives apply. The Type A and 
Type B cleanup objectives are given in Table 7. 
For reduced hazard sites only, the IEPA allows averaging of representative individual 
grab sample results from samples obtained within a zone extending no farther than 25 feet 
laterally from the tank in any direction, and 15 feet below the invert of the tank. The 
average of all individual samples from the floor and walls of the excavation from within this 
zone should be below the applicable soil cleanup objectives. If any individual sample within 
this zone exceeds the soil cleanup objective, it must be demonstrated that the concentration 
drops below the objective outside the zone (or at the property boundary if this distance is 
less). No individual grab samples from outside the zone can exceed the cleanup objectives. 
If a constituent is non-detectable in any sample, the practical quantitation limit (PQL) of that 
constituent is used for averaging purposes. Since these procedures, as well as the cleanup 
objectives themselves, are subject to change by the IEPA, the agency should be consulted 
prior to sampling to ensure compliance with current IEPA requirements. 
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Table 5. IEPA Sampling Requirements for Soils and Ground Water 
at Different Types of USTs 
Type of Underground Tank Soil Sampling Ground Water Sampling 
GASOLINE 
Leaded (1), unleaded, premium 
gasohol 
OTHER PErROLEUM SUBSTANCES 
aviation turbine fuels (A,Al,B) (1) 
jet fuels (JP4, IPS) 
diesel fuels (grade ID, 2D) 
gas turbine fuel oils (Nos 0, I, 2) 
heating fuel oils (Nos 1,2) 
illuminating oils (mineral seal oil, long time 
burning oil, 300 oil. mineral colza oil) 
kerosene 
lubricants (automotive and industrial) 
liquid asphalt and dust laying oils 
transformer oils (3) and cable oils 
crude oil and crude oil fractions 
petroleum feedstocks and petroleum fractions 
heavy oils 
hydraulic fluids (4) 
petroleum spirits (fype 2,3,4 commercial hexane) (5) 
mineral spirits or Stoddard solvent 
(type I, petrol spirit) (5) 
high-flash aromatic napthas (fypes I and II) (5) 
VM&P naphthas - moderately volatile hydrocarbon 
solvents (fypes I. n, and ID) (5) 
petroleum extender oils (l'ypes 101, 102, 103, 104) (5) 
Benzene 
BETX (2) 
Benzene 
BETX (2) 
Naphthalene 
Acenaphthene 
Anthracene 
Fluoranthene 
Fluorene 
Pyrene 
Total Carcinogenic PNAs 
Total Non-earcinogenic PNAs 
Benzene 
BETX (2) 
Benzene 
BETX (2) 
Naphthalene 
Acenaphthene 
Anthracene 
Fluoranthene 
Fluorene 
Pyrene 
Total Carcinogenic PNAs 
Total Non~CarcinogenicPNAs 
USED OILS LUST Pollutants List LUST Pollutants List 
(See Table x) (See Table x) 
HAZARDOUS SUBSTANCES Specific Chemical Specific Chemical 
Notes: (1) 
(2) 
(3) 
(4) 
Leaded gasoline and leaded aviation fuels require sampling for lead (ICLP in soils), 
BE7X is ~ sum ofbenzene, ethylbenzene, toluene, and xylene concentrations. 
Transfonner oils require sampling for PCBs 
Hydraulic fluids require sampling for Barium (ICLP in soils) 
(5) Requires sampling for volatiles and semi-volatiles on the LUST Pollutants list 
Source: IEPA., 1993, Table 1 
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In addition to the cleanup objectives and averaging procedures described above, the 
IEPA introduced a new requirement for sampling at used oil tank sites in February, 1993. 
Under this requirement a grab sample must be obtained from a location most likely to 
represent the worst contamination at the site (such as beneath a leaking line or tank). This 
sample must be analyzed for the constituents listed in Table 8. This list of potential 
contaminants is refered to as the LUST Pollutants List. 
If any of the compounds listed in the LUST Pollutants List are deteCted above the 
Screening Detection Limits (SDLs) shown in the table, the tank owner/operator must request 
site specific cleanup objectives for these compounds from the IEPA. The remediation will 
then be based on these compounds as well as the constituents listed in Table 4 for Other 
Petroleum Substances. If none of the LUST Pollutant List compounds are detected above the 
SDLs listed, then the cleanup objectives are those listed in Table 6. If the tanks meet the 
criteria for reduced hazard sites, the averaging method described above can be used. 
Table 6. Criteria for Determining Whether a Site
 
Poses a Reduced Hazard to Groundwater
 
Evaluation Criteria	 Reduced Groundwater Hazard Criteria 
SOIL AND GEOLOGICAL 
MATERIALS 
RELEATIONSHIP TO 
GROUNDWATER 
PROXIMITY TO DRINKING 
WATER WELLS 
Example: Clayey till deposits with discontinuous sand 
lenses. Soil and geological materials have a hydraulic 
conductivity ~ 1 x 104 em/sec. 
Class II groundwater underlies the site and no Class I 
groundwater exists within 50' of the surface. 
Outside a minimum setback of a community well or 200' of 
any other potable wwater supply well. 
If a site meets all ofthe criteria, then the site is considered a reduced hazard site and Type B soil cleanup 
objectives apply. Ifa site does not meet all ofthe criteria, the the site is considered to pose a potential threat 
to groundwater and the Type A soil cleanup objectives apply. In order to determine a site's relationship to 
groundwater, the following references may be used: 
A.	 Illinois Geological Survey Circular (1984) titled Potential (or Contamination of Shallow 
Aquifers in Illinois, by Berg, Richard C., et al.,· or 
B.	 Illinois Geological Survey Circular (1984) titled Stack Unit Mapping ofGeologic Materials 
in Illinois to a Depth 0(15 Meters, by Kempton, John P., et al. 
Source: IEPA, 1993, Table 2 
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Table 7. IEPA Soil Cleanup Objectives and
 
Acceptable Analytical Detection Limits
 
Soil Objectives Soil 
Type A TypeB ADL (1) 
Parameters (mglkg) (mglkg) (rng/kg) 
Benzene 0005 0025 
Ethylbenzene 
Toluene 
Xylenes (Total) 
Total BETX (2) 11705 13525 
NON-CARCINOGENIC PNAs 
Naphthalene 0025 0039 0660 
Acenaphthalene 84 420 
Anthracene 420 2100 
Fluoranthene 56 28.0 
Fluorene 56 280 
Pyrene 42 21.0 
OTHER NON-CARCINOGENIC PNAs (Total) 42 210 
Acenaphthylene 
Benzo(g,h,i)perylene 
Phenanthrene 
CARCINOGENIC PNAs 
Benzo(a)anthracene 0.0026 0013 00087 
Benzo(a)pyrene 00046 0023 0.015 
Benzo(b)fluoranthene 0.0036 0.018 0012 
Benzo(k)fluoranthene 00034 0.017 0011 
Chrysene 003 015 0.1 
Dibenzo(a.h)anthracene 0006 003 002 
Indeno(1.2,3-c,d)perylene 0.0086 0043 0.029 
METALS (3) (mg/l) (mg/l) 
Arsenic oOS 02 
Barium 2.0 20 
Cadmium 0005 005 
Chromium (Total) 01 10 
Lead 00075 0.1 
Mercury 0002 001 
Selenium 005 005 
(1)	 ADLs are Acceptable Detection Limits US. EPA SW-846 analytical methods must be used For carcinogenic PNAs in soil 
where the recommended objective is below the ADL, the ADL shall serve as the objective until the U S EPA promulgates 
lowerADLs. When promulgated, the new US EPA ADL or the specified objective, whicever is higher, shall apply For other 
constituents the ADL must be below the specified clenup objective 
(2)	 Total BE1X is the sum ofthe benzene, ethylbenzene, toluene and xylene concentrations 
(3)	 Based upon the concentration detenmned by a Toxicity Characteristic Leaching Procedure (ICLP). 
Source: IEPA, 1993, Table 3. 
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Table 8. LUST Pollutants List 
Volatile Compounds 
1. 
Compound 
Chloromethane 
Soil SDL 
(pg/kg) 
10 18 
Compound 
Dichlorobromomethane 
Soil SDL 
(p,g/kg) 
5 
2 Bromomethane 10 19. cis-l,3-Dichloropropene 5 
3 Vinyl Chloride 10 20 Trichloroethene 5 
4 Chloroethane 10 21 Benzene 5 
5 Methylene Chloride 5 22 Chlorodibromomethane 5 
6 Acetone 10 23. 1,1,2-Trichloroethane 5 
7 Camon Disulfide 5 24 trans-l,3-Dichloropropene 5 
& 1,1-Dichloroethene 5 25 Bromoform 5 
9 1,I-Dichloroethane 5 26. 2-Hexanone 10 
10 1,2-Dichloroethene (total) 5 27 4-Methyl-2-pentanone 10 
11 1,2..Dichloropropane 5 28. 1,1,2,2-Tetrachloroethane 5 
12 Chloroform 5 29. Tetrachloroethene 5 
13 1,2-Dichloroethane 5 30. Toluene 5 
14. 2-Butanone 10 31 Chlorobenzene 5 
15 1,1, I-Trichloroethane 5 32. Ethylbenzene 5 
16 Camon Tetrachloride 5 33 Styrene 5 
17. Vinyl acetate 10 34 total Xylenes 5 
BaselNeutral Compounds 
Soil SDL Soil SDL 
Compound (p,g/kg) Compound (pg/kg) 
1 Hexachloroethane 330 26 2,4-Dinitrotoluene 330 
2 Bis (2~hloroethyl) ether 330 27. Diethylphthalate 330 
3. Benzyl alcohol 330 28. N-Nitrosodiphenylamine 330 
4 Bis (2~hloroisopropyl) ether 330 29. Hexachlorobenzene 330 
5 N-nitrosodi-n-propylamine 330 30 Phenanthrene 330 
6. Nitrobenzene 330 31. 4-Bromophenyl-phenlyether 330 
7 Hexachlorobutadiene 330 32. Anthracene 330 
8. 2-Methylnaphthalene 330 33. Dibutylphthalate 330 
9 1,2,4-trichlorobenzene 330 34. Ftuoranthene 330 
10 Isophorone 330 35 Pyrene 330 
11 Naphthalene 330 36. Butyl benzyl phthalate 330 
12. 4-Chloroaniline 330 37. Bis (2.-ethylhexyl) phthalate 330 
13 Bis (2~hloroethoxy) methane 330 38 Chrysene 330 
14 Hexachlorocyclopentadiene 330 39 Benzo (a) anthracene 330 
15 2...chloronaphthalene 330 40 3,3'-Dichlorobenzidene 330 
16 2-Nitroanitine 1600 41 Di-n-octyl-phthalate 330 
17 Acenaphthylene 330 42. Benzo (b) fluoranthene 330 
18 3-Nitroanitine 1600 43 Benzo (k) fluoranthene 330 
19. Acenaphthene 330 44. Benzo (a) pyrene 330 
20. Dibenzofuran 330 45 Indeno (1,2,3-cd) pyrene 330 
21. Dimethylphthalate 330 46 Dibenzo (a,h) anthracene 330 
22 2,6-Dinitrotoluene 330 47 Benzo (g,h,i) perylene 330 
23 Fluorene 330 48 1,2-Dichlorobenzene 330 
24 4-Nitroaniline 1600 49 1,3-Dichlorobenzene 330 
25 4-Chlorophenyl-phenyl ether 330 50 1,4-Dichlorobenzene 330 
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Table 8. LUST Pollutants List 
(continued) 
Acid Compounds PesticidelPCB ComJ?ounds 
Soil SDL Soil SDL 
Compound (p.g/kg) Compound (p.g/kg) 
1 Benzoic Acid 1600 1 alpha-BRC 8.0 
2 Phenol 330 2 beta-BHC 80 
3 2-ehlorophenol 330 3 delta-BHC 80 
4 2-Nitrophenol 1600 4 Lindane (gamma-BHC) 80 
5 2-Methylphenol 330 5 Heptachlor 80 
6 2,4-Dimethylphenol 330 6 Aldrin 80 
7 4-Methylphenol 330 7 Heptachlor epoxide 80 
8 2,4-Dichlorophenol 330 8 Hndosulfan I 80 
9 2,4,6-Trichlorophenol 330 9 4,4'-DDE 160 
10 2,4,5-Trichlorophenol 1600 10 Dieldrin 16.0 
11 4-Chloro-J-methylphenol 330 11 Endrin 160 
12 2,4-Dinitrophenol 1600 12 4,4'-DDD 160 
13 2-Methyl-4,6-Dinitrophenol 1600 13 Endosulfan n 160 
14. Pentachlorophenol 1600 14 4,4'-DDT 160 
15. 4-Nitrophenol 1600 15 Hndrin aldehyde 160 
16 Endosulfan sulfate 160 
Metal Compounds 17 Methoxychlor 800 
18 alpha-Chlordane 800 
Compound Soil SDL 19 gamma-Chlordane 800 
1. Arsenic 20 Toxaphene 800 
2 21 Arochlor-l016 1600Barium
 
Cadmium
3 Soil SDLs must be 22 Arochlor-1221 800 
4 Chromium below the cleanup 23. Arochlor-I232 800 
5 Lead objectives specified 24 Arochlor-1242 800 
6 Mercury in Table 6 25 Arochlor-1248 800 
7 26 Arochlor-1254 1600Selenium 
8 Silver 27 Arochlor-1260 1600 
SDL - Screening Detection limit
 
Source: IEPA, 1993, Table 4
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7.5 Excavation, Transport, and LandfI11ing 
Materials contaminated with petroleum hydrocarbons from leaking USTs are classified 
as Special Wastes. These materials can include out-of-service, excavated tanks and piping; 
contaminated soils; residuals from on-site soil and/or water treatment systems (e.g., spent 
carbon, recovered liquid petroleum hydrocarbons, biotreatment sludges); and ground water or 
runoff collected during a tank or soil removal. To properly remove, transport, and dispose 
of Special Wastes from a LUST site, IEPA Special Waste requirements must be satisfied and 
permits must be in place. The generator of the waste (Le., the site owner/operator) must 
apply to the IEPA Division of Land Pollution Control, Permit Section, for a Generator 
Identification (ID) Number which will allow the IEPA to track the contaminated soil from 
cradle to grave. The ffiPA Permit Section can also provide lists of properly liGensed 
treatment and disposal facilities. 
If contaminated ground water is encountered or other waste water is generated at the 
site, the same Generator ID number issued for the soil removal action is applicable for the 
off-site, commercial disposal of the liquid waste. 
Prior to disposal, the excavated soil must be chemically characterized. The landfill 
should be contacted for its specific set of chemical analyses that must be completed before it 
will accept the contaminated soil. Tests for flash point are necessary; soils with flash points 
less than 140OF are ignitable and must be handled as hazardous wastes. The pH of the soil 
must be determined. In addition, tests for TCLP lead, the Total Petroleum Hydrocarbons 
content, BTEX, and possibly a screening for PCB's may be required. PCB analysis is 
always required if transformer oils were contained in the tank. Tests for priority pollutant 
organics and metals other than lead (TCLP analysis in soils) may also be required, depending 
on the type of site from which the soils have been removed, and the disposal facility where 
they are being sent. Finally, the paint filter liquids test must be conducted to demonstrate 
that the waste material is not a liquid waste. An approval number will be issued by the 
landfill for disposal once the tests have been completed by an accredited laboratory and the 
soils are approved for disposal. Facility-specific analytical tests must also be run on waste 
waters before a waste water treatment facility will accept the waste. 
AU shipments of soil (or groundwater) to a treatment or disposal facility must be 
manifested. Manifests can be obtained by contacting the IEPA Division of Land Pollution 
Control, Planning and Reporting Section. Wastes must be transported by a licensed special 
waste hauler and disposed of at a permitted waste disposal facility. The lllinois Transporter 
ID number and Illinois Facility ID number must be obtained from transporter and landfill, 
respectively. These must be included on the waste manifest when the soil is shipped. The 
owner/operator is legally responsible for ensuring that all permits have been obtained and 
requirements met. 
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7.6 Soil Treatment Facilities 
The permitting requirements associated with treatment facilities for soils contaminated 
with petroleum hydrocarbons from UST releases vary depending on whether the treatment is 
being conducted in anew, off-site facility, in a pre-existing commercial facility, or on-site 
with a mobile, commercial treatment system or dedicated on-site facility such as a soil pile or 
landfarm. 
New off-site treatment facilities must be permitted as Special Waste Treatment, 
Storage, or Disposal Facilities (TSDF) by the IEPA Division of Land Pollution Control 
(DLPC). The permit application for a new Special Waste Treatment, Storage, or Disposal 
Facility actually consists of several application forms, available from the DLPC Permits 
Section. The forms must be completed with general information identifying the owner and 
operator of the facility, the type of treatment process to be employed, and the types of wastes 
to be treated, stored, or disposed. Chemistry data characterizing the waste to be treated must 
also be submitted. The application forms must be supplemented with plans, specifications, 
and reports completely describing the site and the development and operation of the proposed 
facility. The forms and report requirements are potentially subject to change, so the IEPA 
DLPC should be contacted for the most current forms and guidance for applying for a 
Special Waste TSDF Permit. 
Existing commercial treatment systems include both fixed, off-site, treatment facilities 
(e.g., hot mix asphalt plants), and mobile treatment systems such as thermal desorption 
treatment units ("roasters") or biological treatment systems (e.g., digesters) that are 
transported to the LUST site for use on-site. These facilities must be permitted by their 
owners!operators before contaminated soils can be shipped to them for treatment, or prior to 
operation of a mobil system at the site. As with disposal in a landfill, contaminated soil 
from a LUST site must be transported to an off--site facility by a licensed special waste 
transporter. 
Dedicated, on-site treatment facilities such as soil piles, soil vapor extraction systems, 
or landfarms do not require permits from the DLPC. However, these facilities may require 
permits from the Divisions of Water Ponution Control (DWPC) and Air Pollution Control 
(DAPC). Approval to operate the on-site treatment facility is obtained from the IEPA LUST 
Section. Design documents describing the site and the proposed treatment process must be 
provided to the LUST Section by qualified environmental specialists and engineers. This 
information is included when completing the LUST Corrective Action Forms (see Section 
7.3) and developing Corrective Action Plans. 
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7.7	 Water Treatment and/or Disposal 
Water requiring treatment and/or disposal can be generated on a LUST site from a 
variety of sources, including: 
•	 precipitation and runoff collected in a tank removal excavation; 
•	 runoff from stockpiles of contaminated soil excavated during a
 
tank removal or corrective action;
 
•	 runoff or surface waters impounded or collected during response 
to a petroleum hydrocarbon spill; 
•	 groundwater infiltrating into a tank removal or soil corrective
 
action excavation;
 
•	 groundwater intentionally recovered from an aquifer as part of
 
the corrective action at a site, whether in conjunction with
 
aquifer testing, sampling, controlling flow in the aquifer,
 
dewatering, or recovery and treatment of contaminated
 
groundwater; and
 
•	 condensate, trapped, separated, byproduct, and/or other water
 
produced from the soil, groundwater, or process during the
 
treatment of contaminated soil using alternative treatment
 
technologies such as bioremediation, soil vapor extraction,
 
thermal desorption, or soil washing.
 
There are basically four ways to dispose of these waters. The wastewater can be 
collected and sent off-site for disposal at a commercial wastewater treatment facility. The 
wastewater can he discharged to a sanitary sewer for treatment at a publicly-owned treatment 
works (pOTW - Le., the municipal sewage plant). In this case, pre-treatment might be 
required before the POTW will agree to accept the wastewater. The wastewater can be 
treated on-site until discharge criteria are met, then discharged to nearby surface waters 
under a National Pollutant Discharge Elimination System (NPDES) permit. Discharge to a 
storm sewer also requires an NPDES permit. Or the water can be treated on-site and 
reinjected into the aquifer or allowed to infiltrate into the ground. 
Generally, these approaches require that a permit or approval be obtained from the 
IEPA Division of Water Pollution Control (DWPC). If waste waters need to be treated (or 
pre-treated prior to disposal to a commercial treatment facility or a POTW) on-site, a permit 
to construct and operate a wastewater treatment works is required. If the treated wastewater 
is to be discharged to surface water or a storm sewer, an NPDES permit is also required. 
The only case where a DWPC permit is not required is when the waste waters are shipped to 
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a commercial treatment facility without pretreatment. The various approaches to handling 
wastewater are depicted in Figure 13 and discussed below. 
7.7.1 Transport to Commercial Industrial Wastewater Treatment Facility 
Water produced from a LUST corrective action is considered a special w~ste. The 
water can be collected, stored temporarily on-site, then transported to a commercial 
wastewater treatment facility for disposal. Commercial facilities are also able to reclaim or 
dispose of liquid petroleum hydrocarbons (LPH) recovered from soil treatment, ground water 
treatment, or free product recovery operations at LUST sites. 
As with the disposal of soil, the wastewater must be characterized, hauled to the 
treatment facility by a licensed special waste transporter, and disposed at a treatment facility 
licensed to treat special wastes. The owner/operator of the LUST site must obtain an IEPA 
special waste Generator ID Number (the same number can be used for soil disposal). The 
wastewater must be shipped to the treatment facility using the lllinois special waste manifest. 
IEPA Division of Land Pollution Control (DLPC) special waste regulations must be 
followed. 
Disposal of LUST waste waters at a commercial facility is usually simple. However, 
there may be times when the wastewater contains a substance of a particular nature or at a 
concentration such that pretreatment of the water is required before the treatment facility will 
accept it. If it is necessary to treat or pretreat wastewater on-site, permits to construct and 
operate a treatment works must be obtained from the IEPA Division of Water Pollution 
Control. 
7.7.2 Discharge to POTW 
In order to discharge waste waters to a publicly-owned treatment works (pOTW), it is 
necessary to obtain approvals from all intermediate sewer systems and the treatment plant 
that will receive the wastewater. These approvals take the form of certifications that the 
sewer systems and treatment works have adequate carrying and treatment capacity to handle 
the projected flows from the site, and that the treatment plant can effectively treat the 
wastewater. The certifications are made by the treatment plant owner (generally a unit of 
local government) on the IEPA DWPC general permit application form. The application 
with completed certifications must be submitted to and approved by the IEPA before the 
discharge can begin. 
The POTW may decline to accept the wastewater from the LUST site, for any of 
several reasons. For example, the POTW may already be operating at or above capacity and 
be unable to accept any additional flow. Or the POTW may feel that the contaminants in the 
wastewater would not be effectively treated at the plant, or would interfere with the effective 
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treatment of the waste waters normally treated at the facility. If the POTW declines to 
accept the wastewater, an alternative disposal method must be found. 
In some cases, the POTW may accept the wastewater only if it is pretreated prior to 
discharge into the sanitary sewer system. The POTW will provide pretreatment criteria (i.e. , 
limits to which the wastewater must be treated before discharge into the sewer system) when 
the request is made for certification. In this case, permits must be obtained froll?- the DWPC 
to construct and, subsequently, to operate the pretreatment system. . 
A permit is also required to construct and operate the tie-in connection to the public 
sanitary sewer serving the site. Sewer connection and pretreatment facility permits are 
applied for in one step by attaching supplementary schedules to the DWPC general permit 
application form. Construction permits must be obtained for pretreatment systems and sewer 
connections before construction of these facilities begins. 
7.7.3 On-Site Treatment or Pre-treatment 
If waste waters are to be treated on-site prior to disposal, or pretreated prior to 
further treatment at a POTW or commercial treatment facility, permits are required to first 
construct the wastewater treatment unit and then to operate it. Wastewater treatment systems 
at LUST sites are considered Industrial Treatment Systems by the !EPA. Applications for 
construction and operating permits can be made separately or combined in a joint 
construction/operating permit application. 
The DWPC general permit application form is used to apply for all construction and 
operating permits for wastewater treatment system components, including the treatment 
system itself, sewer tie-in connections, lift stations, spray irrigation systems, and treatment 
sludge disposal. The application is completed by attaching various supporting schedules to 
the general application, as appropriate. The supporting schedules are listed in Table 9. The 
only schedules required for most LUST sites are Schedule J for Industrial Treatment! 
Pretreatment, and Schedule N for reporting the Wastewater Characteristics. 
Schedule J provides for submission of information on the design and operation of 
industrial wastewater treatment or pretreatment works. In addition to the form itself, 
supporting documents on the design of the facilities are required. These include location 
maps, maps showing the locations of any discharge points, process flow diagrams, and any 
other plans and specifications. The instructions for completing Schedule J refer to the 
instructions for completing Schedule D (Sewage Treatment Works), so both schedules should 
be obtained from the IEPA even though the facility is not a sewage treatment plant and 
Schedule D will not need to be submitted. 
Schedule N provides for submission of data on the quantity (flow rates) and 
composition of the wastewater to be treated. The actual form for Schedule N is oriented 
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toward facilities treating domestic sewage, and provides spaces for reporting the 
concentrations of drinking water parameters (e.g., arsenic, chromium, lead, nitrate, oil and 
grease, selenium, phenols, and total dissolved solids) in the wastewater. However, additional 
or different data are typically required for waste waters from industrial sites. 
Vendors of commercial soil remediation systems such as transportable thermal 
treatment units or slurry-phase biological treatment units should already have or ~hould 
obtain permits for their water treatment. However, they should be provided with samples of 
the soil to be treated, if requested, to ensure that they can effectively treat the soil, to 
establish operating conditions for the treatment, and to ensure that permit limits or 
requirements on their water treatment system can also be met. The disposal of water from 
treatment systems may be handled by the vendor, if convenient. However, owners/operators 
of LUST sites are responsible for ensuring that all permitting and regulatory requirements are 
met. 
Table 9. Supporting Schedules for DWPC Application for Permit 
or Construction Approval for Wastewater Treatment Projects 
Type of Project Schedule Type of Project Schedule 
Private Sewer Connection/Extension AlB Spray Irrigation H 
Sewer Extension Construct Only C Septic Tanks 
Sewage Treatment Works D Industrial Treatment or Pretreatment J 
Excess Flow Treatment E Waste Characteristics N 
Lift Station/Force Main P Erosion Control P 
Sludge Disposal G Trust Disclosure T 
7.7.4 Discharge Under a NPDES Permit 
The National Pollutant Discharge Elimination System (NPDES) was created under the 
Clean Water Act to regulate discharges of pollutants to the waters of the United States. The 
Illinois EPA has been authorized to administer the NPDES permitting program by the U.S. 
EPA. Permit applications can be obtained from the IEPA Division of Water Pollution 
ControL 
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In the summer of 1992 the IEPA issued a general NPDES permit covering the 
following common discharges from LUST sites: (1) discharges of contaminated or 
uncontaminated groundwater from remediation systems; (2) surface water accumulating in 
excavations; (3) surface water and groundwater contaminated by spills; and (4) groundwater 
resulting from pump tests and aquifer monitoring. Table 10 lists the effluent quality 
limitations and monitoring requirements under the general permit. 
To discharge under this permit, plans and specifications for the treatment system and 
data on the pretreatment and expected post treatment concentrations of contaminants must be 
submitted to the IEPA. The application is made on the Federal EPA Consolidated Permits 
application. If the IEPA determines that the general permit is applicable to the discharge, a 
simple letter of authorization is sent along with a copy of the permit. However, if the 
general permit is not applicable to the discharge, a new draft permit must be prepared, 
opportunity for a public hearing on the draft permit must be provided, and a final permit 
must be prepared and issued. This process takes a minimum of 90 days from receipt of the 
completed application. 
Table 10. Effluent Limitations and Monitoring Requirements
 
Under Illinois General NPDES Permit for Discharges
 
from Petroleum Hydrocarbon Corrective Actions
 
Concentration Limits (mgtl) 
30 Day Daily Sample 
Parameter Average Maximum Frequency Sample Type 
Flow 
Oil and Grease 
Benzene 
Bthylbenzene 
Toluene 
Xylenes (total) 
TotalBBTX 
Priority Pollutant PNAs** 
lImonth* 
15 30 lImonth* 
0.05 lImonth* 
0017 0216 lImonth* 
0.14 1 75 lImonth* 
0117 15 limonth* 
075 limonth* 
0.1 lImonth* 
Measure when monitoring 
Grab 
Grab 
Grab 
Grab 
Grab 
Calculation 
Grab 
Notes * During the first month ofoperation ofa new discharge, the samplefrequency shall be once per week 
During the next two months, the frequency shall be twice per month, and thereafter thefrequency shall 
be once per month Discharges of less than one week duration shall be monitored at least once per 
discharge event. 
** Not requiredfor discharges involving only gasoline 
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7.7.5	 Underground Injection 
Treated groundwater may be reinjected into the ground. If the water is contaminated 
with substances that result in its being classified as a hazardous waste, the reinjection must 
be made under an Underground Injection Control (DIC) permit. However, this is typically 
not the case for LUST sites. If the wastewater is to be managed on-site and reinjected or 
disposed in some other non-discharging system (e.g., used in an industrial process or spray­
dried), it is only necessary to include the plans and specifications for the treatment and 
reinjection system in the application package for the construction and operating permit for the 
treatment facility. The treatment must be effective in reducing the concentrations of 
contaminants below the groundwater cleanup objectives. The reinjection must not cause a 
violation of any groundwater quality standard. 
7.8	 Air Emissions 
Any corrective action that uses pollution control equipment (such as thermal or 
catalytic oxidation units, GAC beds, etc.) or that may be a source of process emissions of 
contaminants (such as air strippers, thermal desorption units, soil vapor extraction systems, 
etc.) must first be permitted by the !EPA Division of Air Pollution Control (DAPe), even if 
the anticipated emission levels are well below regulatory limits. There are no exemptions 
from permit requirements for units emitting less than a specified amount of an organic 
material. In addition, emissions associated with landfarming or bioremediation are evaluated 
by the Division of Air Pollution Control on a case-by-case basis. 
As with other IEPA permit applications, the basic permit application is supplemented 
by additional forms that are determined by the specific project on a case-by-case basis. The 
Preliminary Inquiry form is an informal, general information form used to initiate discussion 
with the DAPe. By completing this form, the owner/operator is able to get advice from the 
DAPC regarding the specific forms and supplemental information that must be submitted for 
a particular project. In addition to the application forms, supplemental information that may 
be required includes the following: 
•	 a plot plan/map of the site vicinity showing distances to adjacent residences, 
hospitals, schools, other emission sources (if known), etc.; 
•	 a detailed process description; 
•	 a process flow diagram identifying all emission sources and pollution control 
equipment; and 
•	 a fugitive dust control plan for soil treatment projects such as thermal 
desorption. 
93 
Depending on the project, other information may be required, including: 
•	 the expected amounts of contaminated soil and water to be treated; 
•	 the expected before and after-treatment concentrations of contaminants in the 
soil and/or water, including the total VOC concentration and the individual 
concentrations of benzene, ethylbenzene, toluene, xylenes, and other 
contaminants of concern; . 
•	 the flash point of the contaminated soil; and 
•	 operating parameters for the emission source(s), including water-flow rates, 
soil feed rates, air volumetric flow rates, operating temperatures, operating 
hours, and the duration of the project. 
Emissions from soil or groundwater treatment systems are subject to a maximum one 
hour voe emission limit of one pound per hour throughout most of the state. The non­
attainment areas in and around Chicago and St. Louis have more stringent controls. In these 
areas no new "major sources" are allowed. A major source is defined as an emission source 
emitting more than 25 tons of VOCs per year. On a steady, continuous, 24 hour-per-day 
basis, this is equivalent to 5.7 pounds per hour. A soil or groundwater treatment system 
with the potential to emit more than the allowable limit would be required to incorporate air 
emission control equipment sufficient to ensure that the limit is not exceeded. 
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SECTION 8
 
SUMMARY AND CONCLUSIONS
 
Several of the technologies described in this document could be effective in 
remediating soils contaminated with petroleum hydrocarbons released from leaking 
underground storage tanks. However, the Illinois EPA, considering both technical and 
financial issues, currently favors the use of conventional excavation and landfill disposal. 
For many sites, this also appears to be the most economical remedy. However, the potential 
for lingering liability for the disposed soil is beginning to provide some owners/operators 
with the motivation to seek a remedy that permanently destroys the contaminants, rather than 
one which simply moves the contaminants to another location. In addition, some sites 
possess features such as buildings, roadways, utilities, or natural soil or ground water 
conditions that prevent the complete excavation and removal of all of the affected soil. At 
these sites, achieving the cleanup objectives may be possible only through the use of one of 
the alternative technologies. 
Several of the alternative technologies involve complex biological or chemical 
processes that may exhibit a wide variety of operating constraints or conditions. For 
example, bioremediation technologies involve presence of adequate microbial populations and 
supplies of nutrients, heat, moisture, and oxygen. In-situ soil flushing, soil washing, and 
solvent extraction technologies involve the use of aqueous or organic solutions, of various 
compositions, to remove contaminants from the soil. Treatability studies are typically needed 
when using these technologies to determine the most effective equipment configurations and 
operating conditions to use when treating a specific soil and contaminant. 
Table 11 presents a summary of the information available on the suitability and costs 
of conventional excavation and landfilling, and the various alternative technologies discussed 
in this report. In each case, consideration of the site-specific soil conditions is necessary in 
selecting a cleanup approach. The specific contaminants to be remediated, the physical 
layout of the site, the physical and chemical conditions of the soil, and the horizontal and 
vertical distribution of contaminants within the soil, will all influence the selection and design 
of a suitable remediation technology. Adequate site characterization studies are therefore 
essential to achieving a cost-effective cleanup. 
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Table 11. Summary Comparison of Soil Remediation Technologies 
Potential Effectiveness For Treating 
Remediation Volatile Organics SeInl-Volatile 
Technology Cost Range (e.g., gasoline Orgamc8 (e.g., fuel Metals Comments 
constituents) oil constituents) (e.g., lead) 
Removal, Transport, 
and Landfill Disposal 
$22 ­ $225 per ton 
($30 - $300 per yd3) 
Typically about $451ton 
(about $60/yd!) 
Excellent Excellent Excellent Currently thiS IS the only "conventional" technology 
recognized by the TIlinols EPA. The high end of the cost 
range IS for disposal of hazardous wastes and is not typical of 
LUST sites. Although effective, landfill disposal may expose 
the owner to continumg liability for the disposed soil. 
Soil Vapor Extraction $10 ­ $150 per ton 
($13 - $200 per yd~ 
TypIcally about $50/ton 
(about $66/yd!) 
Fair to 
Excellent 
Fair to 
Good 
Ineffective Aeration technolOgIes are galmng favor for the remediation of 
soils contammated with volatile organics such as gasoline 
constituents. The effectiveness depends on the soil 
permeability to air. AIr eInlSSlons may need to be controlled. 
\0 
0\ Natural (passIve) 
Bioremediation 
None Fair to 
Good 
Fair to 
Good 
Ineffective Natural (passIve) bloremediation will likely result In the 
eventual remediation of a site, but the time required to meet 
cleanup objectives will likely be too long to satisfy 
expectations of owners or regulators. Passive bloremediation 
is currently out of favor with the IEPA, which encourages a 
more aggressIve approach to cleamng sites. There arc no 
capital costs associated with passive bioremediation, but 
monitoring and reporting costs may reach several tens of 
thousands of dollars for aaite. 
Enhanced In-5itu 
Bioremediation 
$50 ­ $100 per ton 
($66 - $123 per yd~ 
TypIcally about $56/ton 
(about $75/ylf) 
Fair to 
Good 
Fair to 
Good 
Ineffective Bioremediation IS potentially effective at destroying petroleum 
products but may be time consuming. Treatability studies are 
needed to establish proper operating conditions. 
Bioventing $10 ­ $150 per ton 
($13 - $200 per yd3) 
TypIcally about $501ton 
(about $66/yd') 
Fair to 
Excellent 
Fair to 
Good 
Ineffective Bioventing technology IS essentially the same &s Soil Vapor 
Extraction, although details of deSIgn and operation may differ 
somewhat. Subsurface aIr flows may be difficult to control. 
Adequate soil permeability to air ia necessary. 
Table 11. Summary Companson of Soil Remediation Technologies (continued) 
Potential Effectiveness For Treating 
Remediation Volatile Organics Senu~Volatile 
Technology Cost Range (e.g., gasoline Orgamcs (e.g., fuel Metals Comments 
constituents) oil constituents) (e.g., lead) 
Slurry-Phase 
Bioremediation 
$60 - $115 per ton 
($80 - $150 per yd') 
Good to 
Excellent 
Good to 
Excellent 
Ineffective Slurry-phase bloremediation offers a high level of control of 
the process and can effectively treat a broad range of orgamc 
chemicals and soil types. Treatability tests are needed. 
Land Famung $5 - $70 per ton 
($7 - $92 per yeP) 
Good to 
Excellent 
Fa.lr to 
Good 
Ineffective Land farming can be hIghly effective for treatment of soils 
contanunated with gasoline. Nutnents and/or moisture can be 
added to enhance biologIcal activity. Much of the treatment 
can result from volatilization. There is no control of volatile 
enussions. Acquiring permits may be difficult. 
\0 
-....l Contamed Solid 
Phase Bioremediation 
and Composting 
No data available Good to 
Excellent 
Falr to 
Good 
Ineffective Treatment occurs 10 an enclosure, allowmgmore process 
control. Expected to be slightly more costly than land 
fannIng due to more aggressIve soil management. 
Thermal Desorption $74 -$184 per ton 
($98 - $242 per yd') 
Good to 
Excellent 
Fair to 
Excellent 
Ineffective Thermal desorption IS generally effective for removmg volatile 
organic chenncals from soils. However, removal effiCiencies 
can vary WIdely for different soils. The relatively low 
temperatures used mimlI1lZC volatilization of some metals 
(e.g., lead), but others (e.g., mercury and arsenic) are still 
subject to volatilization dunng treatment. 
Incmeration $200 - $1,500 per ton 
($265 - $1,980 per yd') 
Excellent Excellent Ineffective IncIneration IS highly effective at destroy1Og petroleum 
hydrocarbons, but IS expenSIve. Volatile metals mcluding 
lead, mercury, and arsemc leave the combustion unit 10 the 
flue gasses and JIUly need to be removed, adding to the cost. 
The high removal effiCIencIes achievable with mClOeration are 
not usually needed In treating soils from LUST sites. 
Table 11. Summary Comparison of Soil Remediation Technologies (continued) 
Potential Effectiveness For Treating 
Remediation Volatile Organics Semi-Volatile 
Technology Cost Range (e.g., gasoline Organics (e.g., fuel Metals Comments 
constituents) oil constituents) (e.g., lead) 
Hot Mix Asphalt 
Plant Disposal 
Soil Waslung 
\D 
00 
In-Situ Soil Flushing 
Solvent Extraction 
Chermcal 
Dechlonnation 
In-Situ Vitrification 
$50 - $100 per ton 
($66 • $132 per yd~ 
$50 - $205 per ton 
($66 - $270 per yd~ 
Virtually no data. One 
TIlinols site had a total 
project cost equivalent 
to about $921yr1 (about 
$70/ton) 
$100· $500 per ton 
($130 - $660 per yd~ 
$200 - $500 per ton 
($260 - $660 per yd') 
Not Available 
Good (1) 
Poor to
 
Excellent
 
Ineffective
 
to Good
 
Good to
 
Excellent
 
Not Usually
 
Applicable
 
Good to 
Excellent 
Good (1) 
Poor to
 
Excellent
 
Ineffective
 
to Good
 
FaIr to
 
Good
 
Not Usually
 
Applicable
 
Good to 
Excellent 
Possible (1) 
Poor to
 
Excellent
 
Ineffective
 
to Good
 
Ineffective
 
Ineffective
 
Good to 
Excellent 
Few data are available on the effectiveness of treatment 10 hot 
ID1X asphalt plants. The potential for contamtnants, tncluding 
both high molecular weight orgarucs and metals such as lead, 
to leach from the asphalt ffilX has not been studied. 
Soil washing IS primarily a separation and volume reduction 
process. Effectiveness IS highly dependent on soil 
characteristics. It IS very effective on sands and gravels. but 
18 relatively ineffective on soils with high silt and clay content. 
Can be used effectively to concentrate metals such as lead lDtO 
a smaller volume of matenal for disposal. 
The effectiveness of tn-situ soil flushtng depends on the site 
hydrogeologic conditions. Low soil permeability limits the 
applicability of the techmque. heterogeneous soil permeability 
limits its effectiveness. Additives can enhance removal of 
contaminants but may make waste water treatment difficult. 
Remediation times are often slow (one to many years). 
Similar to soil washIng but USIng an organic solvent such as 
liquified propane. Effective on volatile orgamc contarmnants. 
Recovered contarmnants may be recyclable. 
Dechlonnation IS a process for removlDg chlorine from 
chlorinated orgamc chermcals such as solvents, pesticides and 
PCBs. Not typlcal~y applicable to LUST sites. 
Use of thiS technology has been li:rmted sites with hard to treat 
contarmnants, such as radioactive wastes. Prohibitively 
expenS1ve for typ1cal LUST sites. Effectively treats metals. 
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